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Abstract—The variability of the mtDNA control region (D-loop) was examined in Amur sturgeon endemic
to the Amur River. This species is also classified as critically endangered by the IUCN Red List of Threatened
species. Sequencing of 796- to 812-bp fragments of the D-loop in 112 sturgeon collected in the Lower Amur
revealed 73 different genotypes. The sample was characterized by a high level of haplotypic (0.976) and nucle-
otide (0.0194) diversity. The identified haplotypes split into two well-defined monophyletic groups, BG (n = 39)
and SM (n = 34), differing (HKY distance) on average by 3.41% of nucleotide positions with an average level
of intragroup differences of 0.54 and 1.23%, respectively. Moreover, the haplotypes of the SM groups differed
by the presence of a 13—14 bp deletion. Most of the specimens (66 out of 112) carried BG haplotypes. Overall,
the pattern of pairwise nucleotide differences and the results of neutrality tests, as well as the results of tests
for compliance with the model of sudden demographic expansion or with the model of exponential growth
pointed to a past significant increase in the number of Amur sturgeon, which was most clearly manifested in
the analysis of data on the BG haplogroup. The constructed Bayesian skyline plots showed that this growth
began about 18—16 thousand years ago. At present, the effective size of the strongly reduced (due to overfish-
ing) population of Amur sturgeon may be equal to or even lower than it was before the beginning of this growth
during the Last Glacial Maximum. The presence in the mitochondrial gene pool of Amur sturgeon of two
haplogroups, their unequal evolutionary dynamics, and, judging by scanty data, their unequal representation
in the Russian and Chinese parts of the Amur River basin point to the possible existence of at least two distinct

populations of Amur sturgeon in the past.
DOI: 10.1134/5102279541502012X

INTRODUCTION

The family Acipenseridae comprises an ancient
group of fish that dates back to the Mesozoic and is
still widely, albeit patchy, distributed in the water bod-
ies of Northern Hemisphere [1]. The fishes of this
family play an important role in the ecosystems and
have great commercial and aesthetic value.

The Amur sturgeon Acipenser schrenckii Brandt,
1869 is one of the seven species of sturgeon found in
the Pacific comprising a specific monophyletic group
of Acipenseridae, the Pacific group [2, 3]. The range of
Amur sturgeon is limited to the Amur River basin. This
is a large fish that can reach almost three meters long
and more than a hundred kilograms weight [4]. By
type of feeding, the Amur sturgeon is a bottom-eating
fish, feeding mainly on aquatic insect larvae, mollusks,
and (rarely) small fish [5]. Most of the Amur sturgeons
feed in the mainstream of Amur River and its major
tributaries. Some individuals come into the brackish
waters of the Amur Liman for feeding. There are single
findings in waters with marine salinity [6]. Amur stur-

geons spawn exclusively in fresh water, usually in the
mainstream of Amur River. This species was formerly
widely distributed throughout the basin of the Amur
River, from the Onon and Argun rivers up to Amur
Liman. However, it is presently found in significant
quantities only in the Lower Amur (below the conflu-
ence of the Ussuri River) [7]. Because of its valuable
nutritional qualities, Amur sturgeon was long sub-
jected to extensive legal and illegal fishing, which led
to a significant drop in its number by the middle of the
last century [5]. From 1958 to the present commercial
and sport fishing of the Amur sturgeon is banned in the
Russian part of the Amur River basin. In the Chinese
part of the basin, its harvest has never ceased, and the
volume of its catch, by contrast, only increased in the
second half of the last century [8]. Since 1986, the
Amur sturgeon is included on the Red List of the
International Union for Conservation of Nature
(TUCN Red List of Threatened Animals) as a vulner-
able species. Because of the steady decline in the num-
ber of Amur sturgeon, it received the status of an

169



170

endangered species in 1996 and in 2010 was given the
status critically endangered species [9].

The objective of this study was to analyze the vari-
ability of the mitochondrial DNA control region in
Amur sturgeon from Lower Amur. As a result of using
this highly polymorphic marker, a kind of genetic por-
trait of a population of A. schrenckii, constructed
based on the analysis of samples from the region where
this species until recently was more or less numerous,
was obtained. This portrait will be useful not only for
laying the bases for monitoring Amur sturgeon genetic
diversity and environmental protection measures but
as a primer for further studies of its population struc-
ture and evolutionary history.

MATERIALS AND METHODS

Material on the Amur sturgeon was collected dur-
ing a scientific control catch conducted by the Kha-
barovsk branch of TINRO center in the lower reaches
of Amur River (the region of the city of Nikolayevsk-
on-Amur, about 53°7" N, 140°40" E). in May—June
2009 (n = 41), August—September 2009 (n = 43), and
in September 2010 (n = 27). In addition, the alcohol-
fixed fin piece from one individual of Amur sturgeon,
accidentally caught in the Ulbansky Bay of Okhotsk
Sea (53°32' N, 137°19" E) in September 2009, was
obtained from the fishermen. The samples were taken
by means of noninvasive technique (a small piece of
skin on the back edge of pectoral fin was cut off and
then placed in 96% alcohol).

The body length in 112 studied sturgeons ranged
from 32 to182 cm (115.8 £ 38.6) and had a bimodal
distribution. In 33 individuals, the body length was less
than 100 cm (61.7 £ 17.6; lim = 32—96), it was equal
to or greater than this threshold and in 79 individuals
(138.5 £ 15.4, lim = 100—182).

In addition to the samples taken from wild,
16 Amur sturgeon individuals (12 underyearlings and
four yearlings) obtained from the Anyuiskiy hatchery
(Nanai raion of Khabarovsk krai) in August 2008 were
also analyzed. Previously, these individuals were used
in the study of the karyotype structure of Amur stur-
geon [10].

Total DNA was isolated by the standard phenol-chlo-
roform method using proteinase K. The full-length
sequence of the mtDNA control region (D-loop) was
amplified using primers LproF and DL651 [11], spe-
cific to its flanking genes for transfer RNA (tPHK-Pro
and tPHK-Phe, respectively).

Amplifications were performed on the Biometra
Tprofessional thermal cycler (Biometra, Germany) in
25 uL of a reaction mixture including 0.1 to 0.2 pg of
total DNA; 2.5 uL buffer (60 mM Tris-HCI, pH 8.5;
1.5 mM MgCl,; 25 mM KCI; 10 mM 2-mercaptoeth-
anol; 0.1% Triton X-100), 0.5 uL of deoxynucleotide
triphosphate mixture from 10 mM solution; 2.5 pL of
both primers (Biosset, Novosibirsk, Russia) from their
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2 UM solutions; 2 units of 7ag polymerase (SibEnzym,
Novosibirsk, Russia); and deionized water.

Polymerase chain reaction was performed accord-
ing to the protocol including initial denaturation
(94°C for 120 s), followed by 30 cycles of amplification
(94°C for 45 s; 52°C for 30 s; 72°C for 60 s); and final
extension (72°C for 480 s). The amplification prod-
ucts were purified by means of reprecipitation and
sequenced using the Big Dye Terminator kit version 3.1
(Applied Biosystems, United States) with primers
DL651, AHR, and SchF [11]. The reaction products
were separated on an ABI Prizm 3130 automated ana-
lyzer (Applied Biosystems, United States/Hitachi,
Japan) at the Institute of Biology and Soil Science,
Far East Branch of the Russian Academy of Sciences
(Vladivostok). The ABI chromatograms were arranged
into contigs in programs of the Staden software pack-
age [12].

Multiple alignment of the obtained nucleotide
sequences was performed in the MAFFT v. 6.859 soft-
ware program [13] and by the method of iterative
refinement, FFT-NS-i.

The main variables characterizing the variability of
the obtained D-loop sequences, including the
observed (#) number of haplotypes, the number of
polymorphic (segregating) nucleotide positions (),
the total number of variable positions (P/, S, plus
indels), the number of singletons (s7), haplotypic (H) and
nucleotide (w, p distance) diversity, and others, were
determined with the use of the FaBox v. 1.4 utility suite
[14] and the Arlequin v. 3.5.1.3 software program [15].

The BIONIJ tree was built with the PAUP 4.0b10
software program [16] and the HKY nucleotide substi-
tution model, with an account of the main features of
the D-loop evolution, including unequal proportions of
the four types of nucleotides and different transition and
transversion rates. The mtDNA control region sequences
from related species of sturgeon, white sturgeon A. frans-
montanus (AB042837, AF184108, and X54348), and
Dabry’s sturgeon A. dabryanus (AY510085) from the
GenBank/NCBI database were used as outgroup.

The assumption regarding the selective neutrality
of the observed DNA polymorphism was verified
through a battery of tests considering various aspects
of this variability. These tests were represented by the
Ewens—Watterson test [17, 18] developed from the
infinite alleles model and tests based on the infinite
sites model (Tajima’s D [19], Fay and Wu’s H [20],
Fu’s Fs [21], and Kelly’s ZnS [22] tests).

The Ewens—Watterson test was performed in the
Arlequin software program and other tests were per-
formed in the DnaSAM software program [23]. In the
latter case, the null distribution of the statistics was
generated by the Monte Carlo procedure with 10000
pseudo-random coalescent simulations.

During the investigation, it was demonstrated that
the D-loop variants found in the Amur sturgeon
formed two clearly defined groups of haplotypes (hap-
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logroups BG and SM, see below). Because of this, in
addition to the analysis of summarized data, we exam-
ined each of these haplogroups separately.

It is known that each of the tests mentioned is more
or less sensitive to the previous demographic history of
a population [19, 21, 22, 24, 25]. Because of this, the
deviation of the observed DNA polymorphism pattern
from the expected, based on the theory of neutrality,
may actually be caused not by the action of selection
but by the recent population decline or growth.

Possible changes in the Amur sturgeon population
size over time (demographic history) were assessed by
the following approaches. First, it was established
whether the mismatch distribution pattern of the
Amur sturgeon mtDNA haplotypes was multimodal
(corresponds to the case of a demographically stable
population) or unimodal (reflecting a recent sharp
increase in the population size) [26].

Then, the model of sudden demographic expan-
sion [27] was tested with the Arlequin software pro-
gram. In this case, the significance of the statistics
tested, i.e., the sum of squared deviations between the
observed and expected mismatch distribution patterns
(8SD), was evaluated using a parametric bootstrap
approach with 10000 pseudo-random replicates.

Next, a relatively simple model of exponential pop-
ulation growth was tested. The parameters of this
model (0, the population parameter, 2N 41, where N
is the effective female population size and p is the
nucleotide substitution rate per site per generation; g is
the exponent of the population growth rate) were
determined using two approaches, the maximum like-
lihood method [28] and Bayesian inference [29]. In
the first case, the Fluctuate v. 1.4 software program
[28] was used. The search settings were empirical nucle-
otide frequencies; a transition-to-transversion ratio of
37; and random starting tree. The analysis consisted of 30
short chains (50000 generations each), with sampling
of every 50th generation; followed by 20 long chains
(500000 generations each), with sampling of every
50th generation. Starting 6 was an estimate calculated
based on the number of polymorphic (segregating)
sites. In the second case, the BEAST v. 1.7.5 software
program [30] was used with the nucleotide substitution
model being HKY and a relaxed molecular clock with
uncorrelated lognormal distribution of nucleotide
substitution rates along the tree branches. The analysis
was run for 10 million cycles, with sampling every
1000th (burn-in was the first 10% of cycles). Summation
of the results of the Bayesian analysis was performed in
the Tracer v. 1.5 software program. In both cases, the
model was recognized as adequate if the null value did
not fall into the 95% confidential (or plausible) interval of
the population growth rate exponent (g).

Finally, in addition to simple parametric models,
the most flexible approach, a skyline plot, was used
[31]. This method is based on an analysis of the pattern
of the reconstructed genealogy of the DNA sequences
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in the sample and provides an opportunity to explore
the history of changes in the population size without
the need for a priori constraints on the possible pat-
terns of its size changes through time. The Bayesian
skyline-plot method takes into account the uncer-
tainty that inevitably accompanies the computation of
the DNA sequence genealogy in the sample (in terms
of topology and the position of coalescent events over
the time scale), and at the same time this method
makes it possible to evaluate the parameters of
sequence evolution models, the genealogy of these
sequences, and the demographic history of the popu-
lation from which they were derived [32].

Bayesian skyline plots were built using the BEAST
software program [30] with the settings as follows. The
nucleotide substitution model was HKY. The number
of groups combining relatively close coalescences
(chosen on the basis of computing Bayes factor for
their different numbers) was two for haplogroup BG
and four for haplogroup SM and the total sample. The
molecular clock mode was represented by a relaxed
clock with uncorrelated lognormal distribution rates
of nucleotide substitutions along the tree branches.
The Bayesian analysis run length depended on how
quickly the effective sample sizes (more than 200)
were achieved for each of the model parameters. These
values for the BG and SM haplogroups, as well as for
the total sample, constituted 16, 10, and 24 million
cycles, respectively, sampling every 1000th (burn-in
was the first 10% of the total number of cycles). When
constructing Bayesian skyline plots, we used an
mtDNA control region evolutionary rate estimate
equal to 1.2 x 1077 substitutions per nucleotide posi-
tion per year per lineage. It is the middle value for the
range of estimates (1.1 x 10~7 to 1.3 x 10~7) calculated
for the corresponding mtDNA region of white stur-
geon (phylogenetically closest species to the Amur
sturgeon) based on the number of substitutions accu-
mulated in one of its populations after the release of
Fraser River from the ice shield/shell 10 to 12 thou-
sand years ago [33]. As a result, the parameter charac-
terizing the population size was expressed as the prod-
uct of the effective female population size by the gen-
eration length (N.T7).

RESULTS

The structure of the mtDNA control region in the
investigated specimens of Amur sturgeon is not princi-
pally different from the one that was established for
this species using other sturgeon samples [11, 34]. Part
of the D-loop adjacent to the tRNA-Pro gene (its 3' end)
consists of blocks of tandemly arranged 82-bp repeats,
each of which contains the 7A4S I/ (termination-asso-
ciated sequence) element at its 5' end. It is followed by
one truncated (39-bp) copy, which lacks a part of the
repeat bearing the TAS II element. Next is the main
part of the D-loop.
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The examined D-loop region includes the last full
and truncated copy of the repetitive element (121 bp in
total), as well as the rest of the D-loop (675 to 691 bp),
which is adjacent to the tRNA-Phe gene and contains
the TAS III and CSB I—III (conserved sequence
block) elements. Thus, in different samples, the total
length of the control region (CR) fragment involved in
the analysis ranged from 796 to 812 bp.

Overall, in 128 specimens of Amur sturgeon,
74 different CR variants were identified (Fig. 1). These
variants differed either in single nucleotide substitu-
tions and indels, or (pairs SCH4—5 and SCH30-31)
only in indels.

In the specimens obtained from natural conditions
(n = 112), a total of 73 haplotypes (SCH1—73) were
identified.

In the Amur sturgeon individuals taken from
Anyuysk fish hatchery (n = 16) and subjected earlier
[10] to karyotype analysis, a total of four haplotypes
were identified. Of these, 12 individuals carried haplo-
types SCH7 (eight underyearlings), SCH34 (three
yearling), and SCH23 (one yearling). The remaining
four individuals (yearlings) had haplotype SCHK,
which was not detected in samples from the natural
population of Amur sturgeon. Thus, it can be argued
that the karyotyped Amur sturgeon specimens were
the descendants of at least four different females. Note
that the basic karyotype characteristics of these indi-
viduals were homogeneous [10].

In the mtDNA CR from about 40% of the exam-
ined individuals (50 out of 128), relatively large dele-
tions ranging in size from 13 to 14 bp (from nucleotide
position 543 to 556 in the array of aligned sequences,
Fig. 1) were identified. This deletion was located
immediately downstream of the CSB [ region. The
sizes of other indels were much smaller and consti-
tuted one (four cases) or two (single case) nucleotide
positions. Other mutations in the CR fragment of
interest were represented by single nucleotide substi-
tutions affecting a total of 73 nucleotide positions.
Most of these mutations were transitions, while substi-
tutions of transversion type were observed only in three
nucleotide positions.

Haplotypes differing in the presence/absence of
the 13—14-bp deletion were also different in a large
number (about 26, on average) of point nucleotide
substitutions and thereby formed the two groups
referred to as haplogroups SM (SCH40—73 and
SCHK, with deletion) and BG (SCH1-39, without
deletion).

In Amur sturgeon, variable positions in the
mtDNA CR were found to be distributed nonran-
domly (Fig. 2). Most of the single nucleotide substitu-
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tions were observed in the initial part of the analyzed
mtDNA fragment, in the region of repetitive elements
(positions 1—120) and the D-loop TAS III region
(positions 121—200 in the array of aligned sequences),
which accounted for the mode of this distribution, as
in the caseof BG and SM haplotypes. It is interesting
that the preserved 3' half of the last repetitive element
copy (segment 81—120) was about two times more
variable than the corresponding 3' part of the next to
last (full) copy of the 82-bp repeat (segment 1—40).
Another region of single nucleotide substitution con-
centration was the 5' end of D-loop in the area of the
CSB I-1II elements. Moreover, if in of BG haplo-
types, variable positions were distributed more or less
randomly, they formed a distinct mode in their distribu-
tion SM haplotypes with a 481—520 segment (Fig. 2). At
the same time, it should be noted that haplogroups BG
and SM were generally homogeneous regarding the
distribution of variable positions (P = 0.548, Fischer’s
exact test).

Comparison of the haplotype frequencies in Amur
sturgeon samples taken in different seasons (May—
June 2009, August—September 2009, September
2010) that used an exact nonparametric test of popu-
lation differentiation [35] showed their homogeneity
(P =0.803). A similar result was obtained when using
Wright’s F-statistic or molecular analysis of variance
[36], Fst = —0.004 (P = 0.898) and ®gr = —0.005
(P =0.458).

Samples grouped by year (2009 and 2010) were also
homogeneous: exact test, P = 0.251; Fgy = —0.001
(P=0.554), and Oy =0.013 (P=0.213).

A comparison of two size groups of Amur sturgeon
(body length 32—96 cm and 100—182 cm) also did not
reveal their heterogeneity: exact test, P = 0.680, Fgr =
—0.004 (P =0.857), and ®gr = —0.017 (P = 0.990).

Standard indices characterizing the sequence varia-
tion of the mtDNA CR fragment examined in wild-
caught Amur sturgeons are shown in the table (nos. 1—
11). The values of most estimates obtained for haplo-
group SM appeared to be higher than those calculated
for haplogroup BG. The differences between these
haplogroups in the levels of haplotypic diversity (0.985
versus 0.938, which is statistically significant, Z =
—1.85, P=0.032), as well as in the values of 6, and 0
calculated, which is based on the number of haplo-
types in the sample and their diversity, deserve special
interest. Apparently, the reason for these differences is
the relatively high frequency of haplotype SCH34,
which is about three times higher than what is
expected according to the Ewens sampling theory
[17], if one takes into account the model of infinite
number of alleles in the conditions of their selective

Fig. 1. Variable positions in the mtDNA D-loop of Amur sturgeon (numbering was performed relative to the first position of the
last full copy of the 82-nucleotide repeat), haplotypes and their frequencies in the samples from natural and artificial (figures in

brackets) populations.
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Fig. 2. Distribution of variable positions (ordinate) over 40-nucleotide segments of the mtDNA D-loop fragment of the examined
Amur sturgeon. Black and gray mark the estimates obtained for the haplotypes of SM and BG groups, respectively.

neutrality and the genetic drift influence—16 versus
six. This suggestion is supported by the finding that an
artificial reduction in the absolute number of haplo-
types to the expected value (from 16 to 6) leads to
complete leveling of the differences between haplo-
groups SM and BG for the H, 6,, and 0y indices (the
values of these indices for haplogroup BG become
equal to 0.982, 55.6, and 52.1, respectively).

The high frequency of haplotype SCH34 causes a
statistically significant (P < 0.000) excess of homozygos-
ity detectable by the Ewens—Watterson test [17, 18], not
only in the case haplogroup BG alone but also in the
analysis of the combined data (table). It should be
noted that an artificial reduction of the number of
haplotype SCH34 from 16 to 6 halved the homozygos-
ity estimate for haplogroup SH and for the total sam-
ple (EW=0.036 and EW'=0.018, respectively), bring-
ing them into agreement with the theoretically
expected values (P = 0.750 and P = 0.592, respec-
tively).

Analysis of the mtDNA CR variability patterns in
the samples of Amur sturgeon by other neutrality tests
led to the following results.

Tajima’s test, when considering haplogroup BG,
revealed a significant excess of mutations character-
ized by low frequencies, D = —1.74, P = 0.014. For
haplogroup SM, the value of the D-statistic was also
less than zero (0, < O5); however, the absolute value
was small, and this departure from the model of neu-
tral polymorphism was not statistically significant.
Since the total sample is represented by a mixture of
haplotypes from two quite distinct haplogroups, anal-
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ysis of this sample yielded the expected positive value
(0, > 05) of D statistics. However, even in this configu-
ration of the test, the assumption of the selectively
neutral nature of the observed polymorphism was not
rejected.

The results of the application of Fay and Wu’s
H test [20] were equivocal, as they were heavily depen-
dent upon the outgroup used (the latter is necessary for
the identification of derived mutations). On the exam-
ple of BG and SM haplogroups, it can be seen that the
more remote the outgroup was, the greater was the
value of Hpy statistics and the more likely was the
achievement of statistical significance of the test (see
the table).

The results of the Z,5 test [22] generally repeated
the pattern obtained using Tajima’s test. Statistically
significant departure from the model of neutral poly-
morphism was observed only in the analysis of haplo-
group BG. The values of Z, statistics calculated for
haplogroup SM and the total sample were consistent
with those expected in case of the model validity. Note
that the Z,¢ values obtained for the latter two groups
did not differ from each other but were higher than the
value of the Z,¢statistics calculated for haplogroup BG
by 3.5 and 5 times, respectively. These data indicate
that the groups examined were different with respect
to the shape of the haplotype genealogy [22].

According to Fu’s Fs test [21], a highly statistically
significant (P < 0.000) excess of recent mutations was
characteristic of all three grouping variants of the
Amur sturgeon specimens (see the table).
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Indices characterizing D-loop variability in two groups of Amur sturgeon isolated based on the type of the mtDNA haplo-
type and in their total sample, 1 to 11; results of neutrality tests, 12 to 16; results of testing for compliance with the model
of sudden demographic expansion [27], 17, 18; and the main parameters of the exponential population growth model, cal-
culated by the maximum likelihood approach (19, 20) [28] and Bayesian inference (21, 22) [29]

No. Statistic! BG-haplogroup (n = 66) | SM-haplogroup (n = 46) Total sample (n = 112)

1 L 812 799 813
2 S 33 48 73
3 Pl 36 52 92
4 si 13 15 16
5 h 39 34 73
6 H 0.938 +0.024 0.985 + 0.008 0.976 + 0.009
7 0y, (95% CI) 39.2 (24.1—-64.0) 57.4 (31.1-108.7) 89.8 (61.1—133.0)
8 Oy 13.6 £6.0 61.8 +33.4 389+ 153
9 0 6.93+2.14 10.92 + 3.40 13.80 % 3.60
IV 3.21 +1.86 9.52 +4.94 15.75 + 7.84
11 |6,(95% CI) 0.024 (0.016—0.035) 0.034 (0.023—0.052) 0.059 (0.044—0.076)
12 |EW(P) 0.076 (0.000) 0.037 (0.490) 0.033 (0.000)
13 |D(P) —1.74 (0.014) —0.51 (0.345) 0.35 (0.716)
14 Hpy (P) —0.78 (0.142)? —0.11 (0.289)3 —

—3.27 (0.008)* —1.51 (0.065)° —

—6.52 (0.000)° —3.80 (0.002)° —3.59 (0.008)°
15 |Z,5(P) 0.02 (0.001) 0.07 (0.060) 0.10 (0.421)
16 | Fs(P) —37.51 (0.000) —17.39 (0.000) —36.57 (0.000)
17 |1(95% CI) 1.70 (0.59—6.41) 12.98 (7.24—17.42) 42.31 (17.65—50.76)
18 | SSD(P) 0.00075 (0.814) 0.00626 (0.434) 0.03056 (0.002)
19 |6, 0.100 +0.017 0.076 = 0.011 0.079 + 0.008
20 g 1896.9 + 138.0 455.2 +70.1 209.4 +33.1
21 |6,(95% HPD) 0.108 (0.034—0.262) 0.076 (0.030—0.144) 0.088 (0.052—0.138)
22 |g(95% HPD) 1785.8 (754.4—3093.9) 461.2 (158.7—860.1) 263.7 (88.0—513.8)

1 Interpretation of the designations: L, the length of aligned sequence array; .S, number of positions with nucleotide substitutions; P/, total
number of variable positions (5 plus indels); si, the number of singletons (the sites with nucleotide substitutions found in single individ-
uals from the sample); 4, the number of haplotypes; H, haplotypic diversity; 6y, s/, population parameter 2Ng(v) (Ngy, effective fe-
male population size; v, nucleotide substitution rate/nucleon/generation), calculated based on the number of haplotypes (/) in the
sample, their diversity (H), the number of segregating sites (.5), or pairwise nucleotide differences (m), respectively; EW, Ewens—Watter-
son test [17, 18]; D, Tajima’s test [19]; H py, Fay and Wu’s H test [20], in normalized form [25]; Z, ¢, Kelly’s test; Fs, Fu’s Fs test [21];
T, time in mutational units, 2v7 (v, nucleotide substitution rate/nucleon/generation, 7, number of generations passed since demo-
graphic expansion); SSD, sum of square deviations between the observed and expected mismatch distribution patterns in the model of
sudden demographic expansion; 6 /g- Population parameter 2N q1( Ny, effective female population size, and p, nucleotide substitution
rate/site/generation), calculated based on the haplotype coalescence analysis in the conditions of stable in size (6.) or growing accord-
ing to the exponential model (0,) population; g, exponent of the population growth; £, standard deviation; CI, confidence interval;
HPD, highest posterior density interval; P, p value (the probability of obtaining a test statistic equal to or more extreme than the ob-
served, given that the null hypothesis is true). 2-6 Results of H, 'mw test obtained using as outgroup: haplotype SCH35 (2) and SCHS55 (3 ),
haplogroup SM (4), haplogroup BG (5), or haplotypes of A. transmontanus (6).

The mismatch distribution between pairs of haplo- with some reservations, since an additional peak, coin-
types from haplogroup BG was unimodal with the mode ciding in its position with the mismatch distribution pat-
at the beginning of the scale (Fig. 3). The mode of this  ternin haplogroup BG, is shown in the left part of the dis-
distribution obtained for haplotypes of haplogroup SM tribution (Fig. 3). In the total sample, the mismatch dis-
was shifted towards higher values (10 and 12). In this tribution in the mtDNA haplotypes was bimodal with the
case, its shape can also be characterized as unimodal but  modes in the region of values of 2 and 25.
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Fig. 3. Frequency distributions of pairwise nucleotide differences obtained for the total sample (a) and for the SM (b) and BG (¢)

groups of the Amur sturgeon mtDNA haplotypes separately.

It is well known that unimodal distribution of pair-
wise differences can be the signature of recent rapid
population growth [26]. The results of testing a sudden
stepwise demographic expansion [27] fit this model
when haplogroups BG and SM were tested separately.
In this model, the size of haplogroup BG, expressed in
terms of population parameter 0, in the recent past
(t = 1.7) increased from two to 3560.For haplogroup
SM, the calculations showed that this population
growth was not so vast (in 0 units the group size
increased from 0 to 34), and it occurred much earlier
(t = 13). However, for the total sample, the model was
found to be invalid and was rejected at a high (P =
0.002) Ievel of significance.

Two approaches to the analysis of the mtDNA hap-
lotype coalescence (maximum likelihood [28], and
Bayesian [29]) led to almost the same values of basic
parameters of the model of exponential population
growth (table). Furthermore, this model was found to
be valid regardless of the grouping options of the Amur
sturgeon specimens. In the use of the maximum likeli-
hood approach (in this case, confidence limits were
evaluated using triple standard deviation) and the
Bayesian analysis, the confidence intervals of the
growth rate exponent (g) did not include the zero
value.

One more approach to investigate the population
demographic history based on the nucleotide
sequence sample, the Bayesian skyline plot [32],
revealed a sharp increase in the Amur sturgeon popu-
lation size, which began about 18 to 16 thousand years
ago (Fig. 4). The skyline plot built for haplogroup SM
generally repeated that for the total sample. The sky-
line plot for haplogroup BG differed from that for the
total sample or haplogroup SM in that its initial level
was in the region of significantly lower N,T values
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(16000—21000 versus 57000—61000). The final value
of the N T index for the total sample was found to be

617622 (257950—2421752).1 For the SM and BG
haplogroups, the values of this index constituted
408747 (141145—2218285) and 192255 (111956—
353626), respectively.

Analysis of the phylogenetic relationships of the
Amur sturgeon mtDNA haplotypes using a neighbor
joining technique based on the HKY-distance matrix
(Fig. 5) showed that they formed two well-defined
clades, supported by 953 (BG) and 992 (SM) out of
1000 bootstrap pseudorandom replicates. These data
confirm the validity of the isolation of two mtDNA
haplogroups and serve as indirect evidence in favor of
the rationality of separate analysis of their genetic
characteristics. The average HKY distance between
haplogroups BG and SM constituted 3.4% of differing
nucleotide positions. The net distance between haplo-
groups (except the differences within haplogroups)
was found to be 2.2%. The average and net distances
between the haplotypes of Amur and white (A. trans-
montanus) sturgeons were 2.2 to 2.5 times higher, con-
stituting 7.5 and 5.6% respectively.

Until now, there are no detailed literature data on
the mtDNA CR sequence variation in Amur sturgeon
from natural habitats. At the same time, the data from
two papers [37, 38] describing mtDNA genotyping in
64 individuals of Amur sturgeon taken from four
broodstocks maintained at the National Engineering
Research Center of Freshwater Fisheries Beijing,
China, as well as from the broodstock of sturgeon
hatchery in ChongQing, China, were available. These
fish stocks were created based on individual fish
caught in the Amur River in 1999—-2001 [37, 38].

I Median and 95% highest posterior density interval.
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Fig. 4. Bayesian skyline plot for the sample of the Amur sturgeon mtDNA control region sequences, which reflects the Nq¢T index
change (product of the effective female population size by the generation length, ordinate) over time (abscissa). Solid line is the
median, and the blackout segment is the 95% highest posterior density interval of the N7 estimates distribution. Long and short
dash lines are the median lines obtained for haplogroup BG and SM separately.

Based on the sequencing of relatively short (425 and
451 bp) and partly overlapping D-loop fragments, five
haplotypes were revealed in one of these studies [37],
and eight haplotypes [38] were revealed in another.
The BIONJ tree, designed to position these haplo-
types relative to mtDNA haplotypes from the present
study and constructed based on the HKY distance
matrix calculated from a 330-bp D-loop fragment
common for all studies, is shown in Fig. 6. From the
figure it can be seen that a total of seven mtDNA hap-
lotypes were identified in Amur sturgeon specimens
from Chinese hatcheries. Six of these haplotypes were
included in haplogroup BG (found in 54 specimens),
and one haplotype was included in haplogroup SM
(found in 10 out of 12 sturgeons from the AG2 stock
[37]). If this D-loop fragment is supplemented with
fragments sequenced in only one of these studies
(which in total will constitute the fragment of 536 bp),
then the number of these haplotypes will increase from
seven to 11 (10 from the BG and one from the SM
haplogroup). From here it follows that the brood-
stocks were established with the progeny of at least 11
different Amur sturgeon females. The ratio of unique
SM and BG haplotypes in the Amur sturgeon speci-
mens from Chinese hatcheries (1 : 10) was markedly
different from that in our sample, 19 : 18 (calculated
over the same 536-bp D-loop fragment). This means
that the Amur sturgeon haplotype SM diversity and/or
frequency in the Chinese part of the of the Amur River
basin (Middle Amur) is much lower than in the Lower

RUSSIAN JOURNAL OF GENETICS
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Amur, where the examined sample originated.
According to Fisher’s exact test, the differences are
statistically significant, P =0.016 (two-tailed test).

DISCUSSION

Until now, only two of the six species of Acipens-
eridae living in the Pacific were studied with respect to the
mtDNA control region variability at the population level:
the Chinese sturgeon A. sinensis from the Yangtze River
(a 419-bp fragment was analyzed in 106 specimens) [39]
and the white sturgeon A. transmontanus from the Fraser
and Columbia rivers (a 462-bp fragment was analyzed
in 27 specimens) [33]. Both species are mostly anadro-
mous. The Chinese sturgeon was previously distrib-
uted from the southwest of the Korean Peninsula and
Honshu Island in the north to the Pearl River in the
south. However, in the last century, the population size
of this species strongly decreased, and noticeable
amounts of this fish are currently found only in the
Yangtze River [40]. The distribution area of white stur-
geon includes the west coast of North America from
Alaska in the north to the rivers of California in the
south, and, in terms of population size, it is in a rela-
tively prosperous state [41].

In Amur sturgeon, the level of mtDNA CR vari-
ability generally exceeds that in Chinese sturgeon and
white sturgeon.

The haplotypic diversity of the total sample of
Amur sturgeon (H = 0.976 £ 0.009) is noticeably (Z. =
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2.03; P = 0.023) higher than that of Chinese (H =
0.949 + 0.010) [39] and is about the same as that of
white sturgeon (H = 0.97) [33].

The nucleotide diversity (n = 0,/L, see interpreta-
tion in the table) of the mtDNA control region in the
total sample of Amur sturgeon (= 0.019 £ 0.010) is
higher than in Chinese (m = 0.011 = 0.006) [39] and
white (m = 0.012) [33] sturgeons.

Estimates of haplotype and nucleotide diversity, calcu-
lated separately for haplogroup SM (H = 0.985 % 0.008,
(r=0.012 £ 0.006), are at the level of maximum esti-
mates obtained for the total samples of Chinese and
white sturgeons.

Both indices are significantly lower in haplogroup
BG, H=0.938 + 0.024, = = 0.004 & 0.002. The level
of haplotypic diversity in this haplogroup is about the
same as in Chinese sturgeon. As mentioned above, the
low level of haplotypic diversity in haplogroup BG is
caused only by the excess of the frequency of one of
the haplotypes (SCH34). At the same time, in Chinese
sturgeon, it is caused by other reasons. According to
the data of Ewens—Watterson test [17, 18] (our calcu-
lations based on data from [39]), the frequency profile of
the mtDNA haplotypes in the Chinese sturgeon is in
accordance with the expected (EW = 0.061; P = 0.469).
In the latter case, the low H value may be caused by a
drop in the Chinese sturgeon population size, as it is
well known that a reduction in the mtDNA haplotype
diversity in such periods is the expected effect (see, for
example, [42, 43]).

The reasons for the observed excess in the haplo-
type SCH34 frequency in Amur sturgeon are not clear.
This may be the result of natural selection, genetic
drift, or some other factors. The latter include human
economic activity, which, in our opinion, could affect
genetic composition of the Amur sturgeon.

In 1980s, in the basin of Upper and Middle Amur
(upstream of the city of Khabarovsk), Amur sturgeon
became so rare that works on its commercial artificial
reproduction were begun. In considerable amounts,
the release of artificially hatched larvae and juvenile
Amur sturgeons began in 1988 when one of the Chi-
nese hatcheries (Qindeli state farm, Tongjiang, Jia-
musi) released about 100 thousand Amur sturgeon lar-
vae into Amur River [8]. There is the evidence that a
total of 900 thousand larvae and 168 thousand of juvenile
Amur sturgeons from this hatchery were released over the
next three years into the Amur River [44], and a total of
3600 thousand larvae were released by 1995 [8]. Could
this release of hatched juvenile fish have led to the
increase in the frequency of Amur sturgeon haplotype
SCH34?

As mentioned above, the examined Amur sturgeon
individuals could be divided into two size classes, with
a body length of less than and more than 100 cm.
Based on the known linear growth patterns of the
Amur sturgeon from Lower Amur [45], the average age
of individuals in the first group can be taken as 7—8
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(lim = 2—14) years and 25—26 (lim = 14—37) years in
the second group. It can be suggested that the stur-
geons from the first group were born mainly in 2001—
2003, and sturgeons from the second group were
mainly born in 1983—1985.

The SCH34 haplotype frequency in the two groups
constituted 0.152 (five out of 33 individuals) in the first
group and 0.139 (11 out of 79 individuals) in the sec-
ond group. According to Fisher’s exact test, with
respect to this characteristic, the groups were homoge-
neous (P = 1.00). So, in other words, in the Amur stur-
geon generations born before the start of the men-
tioned hatchery works, the frequency of haplotype
SCH34 was approximately the same as that in the stur-
geons born after. At first glance, this finding can be
regarded as evidence that the excess in the haplotype
SCH34 frequency in Amur sturgeon is in no way con-
nected with the beginnings of the works on its artificial
reproduction in 1980s.

However, the picture is somewhat different if a
group of large individuals is examined in more detail.
Among the 19 individuals with a body length of more
than 150 cm (born, according to our estimates, mainly
before 1980), only one specimen (AC = 162 cm) car-
ried haplotype SCH34. At the same time, among the
60 individuals with a body length of more than 100 but
less than 150 cm (born, according to our estimates,
mainly after 1987) this haplotype was found in ten
individuals. That is, that the frequency of this haplo-
type in the first group was three times less than in the
second group, 0.053 versus 0.167. The difference
between these groups relative to the frequency of hap-
lotype SCH34 was not statistically significant (P =
0.280, Fisher’s exact test). However, our sample of
individuals with the body length of 150 cm is not as
large as it could be. If the frequency of haplotype
SCH34 is preserved in case of, for example, a four-fold
increase of the sample size, then the Fisher’s exact test
will show statistical significance of these differences
(P <0.045, if in the sample of 76 individuals no more
than four fish will carry haplotype SCH34). Therefore,
in our view, a more or less definitive answer to the
question on the reasons for the observed excess of hap-
lotype SCH34 frequencies in Amur sturgeon can be
given only after the study of additional material, pri-
marily individuals born before 1980.

The low nucleotide diversity of the BG mtDNA
haplotypes points to their evolutionary youth. It seems
likely that all of the existing diversity of haplogroup
BG was formed relatively recently, during intensive
population growth (this suggestion is supported by the
data of Tajima’s and Kelly’s test, the SSD and g values,
and the skyline plots). This increase may reflect the
recovery of Amur sturgeon from the bottleneck, suit-
able conditions for which could have exist during the
Last Glacial Maximum 26 to 19 thousand years ago.
At least, according to our calculations (Fig. 4), the
population growth of haplogroup BG began almost
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immediately after this period, about 18 to 16 thousand
years ago.

In the recent past, the size of haplogroup SM also
increased, although not as fast as the size of haplo-
group BG. Expansion of haplogroup SM can also be
interpreted as a recovery after the end of the period of
a population bottleneck. The beginning of this expan-
sion over time almost completely coincided with the
beginning of expansion of haplogroup BG (Fig. 4).

The presence in the mitochondrial gene pool of
Amur sturgeon of not one (as can be expected for a
species, the range of which is restricted to the only
river basin) but two mtDNA haplogroups requires
explanation. This explanation, in principle, can be rel-
atively simple. This will require us to assume that the
population of Amur sturgeon was large in size and that
this size remained more or less stable over a relatively
long (for about 2 N,;and more generations) time. The-
oretically, in a sample of alleles from a population in
which genetic drift occurs according to the Wright—
Fisher neutral model (stable size, panmixia, nonover-
lapping generations, and others), approximately half
the time required for the allele coalescence falls on the
coalescence of the last pair of alleles. In these condi-
tions, and at a suitable mutation rate, formation of the
mtDNA clades, causing bi- or multimodal mismatch
distribution patterns, is quite the expected result [46, 47].
It is also known that the degree of manifestation of
such clades only increases if such a previously stable
population (in size) experiences amoderate bottleneck
just before the analysis [48].

It should be noted that the condition of panmixia,
probably, is not observed in Amur sturgeon, because
there are indirect signs indicating its population heter-
ogeneity. First, the overall decline in the Amur stur-
geon population size in different parts of the Amur
River was different. Specifically, at present, this spe-
cies is almost absent from the Middle Amur, while its
population size is still quite high in the Lower Amur
[49]. It is noteworthy that the original population size
of Amur sturgeon in Middle Amur was about twice
that in the Lower Amur [7]. Another sign may be the
difference in the representation mtDNA haplogroups
in Amur sturgeon from the Middle and Lower Amur
(see above). Unfortunately, it is still impossible to
assess the degree of this differentiation (without the
analysis of the samples from Middle Amur).

However, even the presence of certain current
Amur sturgeon population structuring can hardly be
regarded as a serious argument against the above
explanation, since this structuring could not exist in
the past. Moreover, in a time scale constituting thou-
sands of generations, even geographically separated
populations at certain migrant exchange rates can
behave themselves as single entity [47, 50].

Not only the appearance of two mtDNA haplo-
groups but their differences in the diversity structure
and dynamics (see the table and figures) from these
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positions are treated as having appeared by chance.
Therefore, we can alternatively propose another
explanation for the presence of two different mtDNA
haplogroups in the mitochondrial gene pool of Amur
sturgeon. Namely, it can be suggested that haplo-
groups BG and SM were formed in geographically iso-
lated and probably ecologically different populations
of Amur sturgeon; only in comparatively recent times
did they, for whatever reasons, appear together in the
population and are now widespread exclusively in the
Amur River basin.

This indirectly points to the unusually high nucle-
otide diversity of the mtDNA CR in the total sample of
Amur sturgeon (= 0.019 £ 0.010). This nucleotide
diversity value is high not only when compared with
those for other species of Pacific sturgeon but also
when compared with the level of the D-loop variability
observed, for example, in the total sample of Siberian
sturgeon A. baerii from the Ob, Yenisei, and Lena river
basins and Lake Baikal (7 = 0.010 £ 0.006, calculated
from the data of [51]) or in the total samples of short-
nose sturgeon A. brevirostrum (. = 0.011 % 0.006, cal-
culated from the data of [52]) and Atlantic sturgeon
(r=0.011 £ 0.007, calculated from the data of [53])
from various localities widely spaced over the Atlantic
coast of North America.

Based on the level of D-loop nucleotide diversity,
the Amur sturgeon is close to beluga, Huso huso, stel-
late sturgeon, A. stellatus, and Russian sturgeon, and
A. gueldenstaedtii, the total samples of which from the
basins of the Black, Azov, and Caspian seas are char-
acterized by an extremely high level of mtDNA CR
variability (1 = 0.022 £ 0.011, T = 0.018 £ 0.009, and
n = 0.037 £ 0.019, respectively) [54]. It is assumed
that such high nucleotide diversity of the mtDNA CR
may indicate the existence of morphologically hardly
distinguishable populations among these sturgeon
species [54]. In this respect, it should be noted that
earlier, based on external morphological characters,
each of these species was divided into subspecies or
even into separate species.

Therefore, one of the highest nucleotide diversity
levels of mtDNA CR among sturgeons can be regarded
as an indirect sign of the past existence of two or more
distinct populations of Amur sturgeon. The distribu-
tion of seven out of eight sturgeon species living in the
Pacific is confined to the large river basins [55]. At
present in the basins of the Sea of Okhotsk and the Sea
of Japan, there are no other rivers comparable in size
with the Amur River and therefore suitable for Amur
sturgeon. However, such a river system could have
existed in the past [56].

In this case, different representations of the two
mtDNA haplogroups in Amur sturgeon from the Mid-
dle and Lower Amur can be interpreted as a reflection of
the relatively recent (less than 18—16 thousand years
ago) massive invasion into the gene pool of a native
population of Amur sturgeon, which had originally, for
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example, only BG haplotypes, of the haplotypes from
another, presently already extinct (or absorbed by the first
population) population. In this case, the distribution of
alien (SM, in this variant) haplotypes could be limited
mainly to the Lower Amur.

If this individual (distributed outside the Amur
River basin) population previously existed, then it
most likely was characterized by anadroumous life-
style. Single findings of Amur sturgeon individuals
outside of the Amur River basin in the euhaline waters
near the Hokkaido Island [6] and in Ulbansky Bay
(present study, the specimen with haplotype SCH7)
indicate that the stage of feeding in marine waters in
the past could have been normal for the life cycle of
Amur sturgeon. This becomes even more probable
when considering the fact that the closest sister species
to Amur sturgeon, the white sturgeon, has a mostly
anadromous lifestyle. It can be suggested that the dif-
ferences in the ecology of these populations led to dif-
ferences in the diversity structure and dynamics of
haplogroups BG and SM.

This explanation of the composition and other
properties of the present-day mitochondrial gene pool
of Amur sturgeon, as a result of mixing of its earlier
independent populations, seems quite plausible.
However, the preference of this explanation over the
alternative, considering the revealed pattern as a result
of the joint action of genetic drift and mutations in sin-
gle large and stable in size population, without addi-
tional studies (especially the analysis of samples from
other parts of the Amur basin and genotyping of the
so-called brown and gray morphs [7] of Amur stur-
geon), seems to be premature.

In conclusion, we have attempted to compare the
current population size of Amur sturgeon with the
long-term effective size of its population based on the
female data.

According to the latest assessment [49] obtained by
the results of selective sampling of Amur sturgeon car-
ried out in different parts of Middle and Lower Amur
(with the help of the area method), the total number of
mature individuals in the modern population of Amur
sturgeon is about 22000 pcs. Then, with a female to
male ratio of 1 : 2 [9, 49], the total number of mature
females in the population is about 7333 pcs. Each of
these females is involved in reproduction, usually
every two to four years [4, 7, 9]. From here it follows,
that the number of females participating in spawning is
about 1833—3666 pcs.

If the average age of mature females (about 27
years 49]) is taken for the Amur sturgeon generation
length, then, according to Bayesian skyline plot (Fig. 4),
the long-term effective female population size in the
recent past was 617622/27 = 22874 (9553—89695)
pcs. About 20 thousand years ago, it was 82664/27 =
3602 (1588—6190) pcs. From this it follows that in the
modern population of Amur sturgeon the number of
spawning females is an order of magnitude smaller
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than the effective female population existing in the
previous period of time, and it is about the same order
as that during the Last Glacial Maximum, when the
population of Amur sturgeon experienced a phase of
low numbers.

It is known that the variance of the number of
descendants is one of the main factors why the effec-
tive population size is considerably lower than the
actual population size (the total number of reproduc-
tively relevant individuals in the population) [57]. For
Amur sturgeon, this factor certainly exists, since the
females of this species are characterized by high indi-
vidual fecundity, along with the wide range of its vari-
ation, from hundreds of thousands to more than a mil-
lion eggs [7, 44]. Therefore, the effective number of
females in the modern population of Amur sturgeon
seems to be lower than the number of females partici-
pating in spawning. Hence, it can be argued that cur-
rent population of Amur sturgeon, if it has not
dropped below the lower limit of natural fluctuations
of its effective population size, is on the edge of over-
coming it. In this regard, the inclusion of Amur stur-
geon inthe [IUCN Red List of Threatened Species into
the group of species with an extremely high risk of
extinction in nature (Critically Endangered) is quite
justified.
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M3MEHYMBOCTh MUTOXOHIPUAJIBHOM THK, UCTOPUYECKAS

JEMOTPA®UA U ITOIIYJIAIIMOHHAA CTPYKTYPA
AMYPCKOI'O OCETPA Acipenser schrenckii Brandt, 1869
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UccnenoBaHa n3MeHUYMBOCTh KOHTpoupytoliero yyactka (D-netnun) MmTJIHK y amypckoro ocetpa — 3H-
neMuka p. AMyp, Haxomsmerocss B Kpacaom crimcke MCOIT (IUCN) B cTartyce Buma ¢ KpaiiHe BEICOKUM
puckoM BeiMupanus B mipupoje (Critically Endangered). CexkBeHupoBanue 796—812 mH D-netim y 112
oceTpoB, coopaHHbIX B HokHeM Amype, BBISIBUIIO 73 pa3iIMyHbBIX raruioturia. Beidbopka nmena BbICOKUIA
ypoBeHb rartoturnaeckoro (0.976) u nykineoruaHoro (0.0194) pasHooOpasus. HaiineHHbIe TarIOTHITBI
pacrnajuch Ha JIBe XOPOIIO BbIpaXkeHHbIe MOHOMWIeTnYeckue rpynnupoBku — BG (n = 39) u SM (n = 34),
pazmuuasinuecss (HKY-aucranuus) B cpenHeM 110 3.41% HyKJI€OTUIHBIX MO3ULUN TIPU CPETHEM BHYTPH -
TpyNIoBoM ypoBHe oTianuuii B 0.54 u 1.23%, cooTBeTCTBeHHO. [artoTUITBI SM -TrpyIIIbl OTIMYAINUCH, KPO-
Me€ TOTO, HaJTM4YUeM Aeneluu pasmepoM 13—14 mH. BonbimHcTBO 00pa3os (66 u3 112) Hecau BG-rarmio-
timbl. @opma pacnpeneeHUsT MOMapHbIX HYKJICOTUIHBIX pasudMil, pe3yJbTaThl TECTOB Ha HEUTpallb-
HOCTb, Ha COOTBETCTBME MOMEJM BHe3almHOU JeMorpaduyeckoil 3KCMNAHCUM WIM  MOACIU
9KCITOHEHIIMAJIBHOTO POCTA B COBOKYITHOCTH yKa3aJIu Ha IMPOU3O0IIEAIINH B TIPOIILIOM CYIIIECTBEHHBI POCT
YUCJIEHHOCTU MOMYJISILUU aMypPCKOTro OceTpa, HauboJjiee OTYETIMBO MPOSIBUBLLMIACS MPU PACCMOTPEHUU
naHHbIx 10 BG-ramnorpyrnmne. [ToctpoeHHbIe 6aliecCOBCKME KOHTYPHBIE TMarpaMMbl (CKaliaiiHbI) ToKasa-
JIM, 9TO 3TOT POCT Havascs oKojio 18—16 Teic. teT Ha3an. B Hacrosiee BpeMs 2(ppeKTUBHAS YUCTEHHOCTD
CUJIBHO COKPATUBIIENCS M3-3a MepeioBa MOMYJSIUA aMypCKOTO OCeTpa MOXET OBbITh paBHA WIM aXe
MEHbIIIE TOU, YTO ObLIa 10 Havyajla yKa3aHHOIO POCTa — BO BpeMsl MOCIEIHEro JEAHUKOBOIO MaKCUMyMa.
Hanuuue B MUTOXOHIpUATEHOM T€HHOM ITyJIe aMyPCKOTO OCETpa ABYX TalljIOrpyIIN, UX HEOAMHAKOBAst 9BO-
JIIOLIMOHHAs IMHAMUKA U, CYIs 10 OTPAHUYEHHBIM IaHHBIM, HEpaBHasi NPeJCTaBIEHHOCTb B POCCUNCKOM
U KUTANCKOM yacTsax 6acceitHa p. AMyp YKa3bIBalOT Ha BO3MOXKHOE CYIIECTBOBAHME B TPOIILIOM KaK MUHM -

MYM JIBYX OTAEJIbHBIX €TI0 TOMYJISIINMA.
DOI: 10.7868/S0016675815020125

CemelictBo Acipenseridae — apeBHsIsI TIpynmna
pbIO, Belyllasi CBOe Hayajlo ¢ ME303051 U JI0 CUX TOp
IIMPOKO, XOTSI W MO3aM4YHO, pacHpoCTpaHEHHas B
Bomoemax CeBepHoro moiymapus [1]. PeiObI 3TOTO
ceMeicTBa UTpaloT BaXKHYIO POJib B 9KOCUCTEMAX, a
TakXe UMEIOT OOJIbIIYIO TPOMBICIOBYIO U 3CTETUYE-
CKYIO LIEHHOCTb.

Amypckuii oceTp Acipenser schrenckii Brandt,
1869 — oguH M3 ceMU BUIOB OCETPOB, PACIIPOCTpa-
HEHHbIX B OacceiiHe TWXoro okeaHa M COCTaBJISIIO-
II1X 0CO0YI0 MOHO(DMIETUYECKYIO IPYIITMPOBKY AcC-
ipenseridae — “TmxookeaHckyio” [2, 3]. Apeai amyp-
CKOro oceTpa orpaHuyeH OacceitHoM p. AMyp. DTo
KpyIiHasi pbi0ba, CIIOCOOHAsI AOCTUTaTh ITOYTH TpexX
METPOB IJIMHBI U O0Jiee ITOIyTOpa COTEH KMIOrpaM-
MoB Beca [4]. ITo Tuily muTaHus aMypCKUiA OCeTp —
OeHTOMdar, moTpeOIsTIONNA B OCHOBHOM JIMUMHOK
BOIHBIX HACEKOMBIX, MOJUIIOCKOB, a TakKxKe (pexe)
MeJKuX peI0 [5]. OcHOBHas Macca ero ocooeii Hary-

JIMBaeTCs B pycjie AMypa U €ro OCHOBHbBIX ITIPUTOKAaX.
YacTtpe ocobeit aMypcKOro ocerpa AJjisl Haryjaa BbIXO-
JIUT B COJIOHOBaThie BOJABI AMypcKoro JimMmaHa. M3-
BECTHBI €IMHUYHbIE HAXOJIKU B BOIaX C MOPCKOI coJie-
HOCTBIO [6]. PasMHOXAaeTCs MCKIIIOYUTEIBHO B IIpeEC-
HOI BoJe — Kak IIpaBWJIO, B CaMOM pyclie p. AMyp.
PaHee ObUI IIMPOKO pacrpocTpaHEeH Mo BceMy Oac-
ceiiny AMypa — ot OHOHa 1 ApryHH" 10 AMYpPCKOTO
JIMMaHa, HO cefiyac B 3aMETHBIX KOJIMYECTBaX BCTpe-
qaercsl quiib B HuskHem Amype (HUXXe BOageHUS

p. Yccypnm) [7].

MN3-3a cBOMX 1LIEHHBIX MUILEBBIX KAYE€CTB aMyp-
CKUI OCETp M3JaBHA IOABEPraJiCd HEUIALHOMY Jie-
TalbHOMY W HEJETAIIbHOMY MPOMBICITY, KOTOPBIA
OpUBEJ K CYIIIECTBEHHOMY ITaA€HUIO €T0 YMCIEHHO-
CTM YK€ K cepelMHe Ipouutoro Beka [5]. B poccuii-
cKoii yactu 6acceiiHa Amypa ¢ 1958 . 1 10 cux nop
NPOMBILUIEHHBIA M CIIOPTUBHBIMA JIOB aMypCKOIo
oceTpa HaxoIMUTCs TIof 3ampeToM. B kurtalickoi ya-
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CcTH GacceifHa ero moObIYa HUKOINA He IpeKpalra-
JIach, U BO BTOPYIO MOJIOBUHY MPOIIJIOro BeKa 00be-
MBI €T0 BBUIOBA, HAIIPOTUB, TOJBKO BhIpociu [8]. C
1986 1. amypcKkmii oceTp BKiIoueH B KpacHbIii crimcok
MexnyHapogHoro Corwoza Oxpanbl IIpupoasl
(IUCN Red List of Threatened Animals) kak Bu, Ha-
Xomsiuiicss B ysa3BuMoM (vulnerable) cocTostHUM.
M3-3a HEYKJIOHHOTO CHUXKEHUSI YUCIEHHOCTU aMyp-
ckmit oceTp B 1996 . moy4n1 cTtaTyc Buaa, HaxoOsI-
merocs B ortacHoctu (Endangered), a8 2010 . — cra-
TyC BUJA C KpaiiHe BBICOKMM DPUCKOM BBIMHMPAHMS
(Critically Endangered) [9].

B 3amauy HacTosIIei paboThl BXOIWIJIO UCCIEI0-
BaHUE W3MEHYMBOCTU KOHTPOJMPYIOIIETO peruoHa
mutoxoHapuanbHoii JIHK y amypckoro ocerpa m3
Huxnero Amypa. B pe3yinbsrare ¢ moMoOIIbIO 3TOro
BBICOKOMOJIMMOP(HOTo MapKepa ObL1 IOJIy4eH CBOE-
o0Opa3HbIid TEeHEeTUYEeCKMU “IopTpeT”’ ITOMyJISILINU
A. schrenckii, cocTaBJIeHHBI1 Ha OCHOBE aHaIn3a BbI-
0OpPOK M3 paiioHa, rie 3TOT BUI 10 MOCASIHETO Bpe-
MeHU ObLI1 OoJiee MM MEHee MHOTOYMCIIEH. DTOT
“mmopTpeTr” OyHeT IToje3eH He TOJBKO I 3aKIaIKNA
OCHOB MOHUTOPUMHTra TeHETUYECKOTO pa3HOOOpa3ust
aMypCKOTO OceTpa, a Takxke MPUPOA0OXPaHHBIX Me-
POIPUSATHIA, HO U KaK 3aTpaBKa JJjIs1 JaIbHEUIINX UC-
cJIeIOBaHU ero MOMyJISILIMOHHON CTPYKTYPHI U 3BO-
JIIOLIMOHHOW UCTOPUMU.

MATEPHAIJIbI 1 METObI

Marepuan mo aMypcKOMY OCeTpy ObLIT cOOpaH B
X0JI¢ HAyYHOTO KOHTPOJILHOTO JIOBa, IMPOBEACHHOTO
XabapoBckum dunuaiom TUHPO-ueHTpa B HUX-
HeM TedeHuu p. Amyp (paiioH . HukonaeBck-Ha-
Awmype, npumepHo 53°7' c.11., 140°40' B.11.) B Mae—H1IOHE
2009 &. (n = 41), aBrycre—ceHts10pe 2009 . (n =43) u
centsope 2010 . (n = 27). Kpome TOTrO, 3aCIimpro-
BaHHBII KYCOK TUTAaBHUKA OTHOTO 3K3EMIUISIpAa aMyp-
CKOro oceTpa, CJIydaifHO IMTOMMaHHOIO B YIb0aHCKOM
zanuBe OxoTckoro Mops (53°32' c.ur., 137°19' B.0.) B
ceHntsiope 2009 r., ObLT MOIyYeH OT pbidoakoB. ObOpa3-
LIkl OTOMpaIUCh HEMHBA3MOHHBIM CIIOCOOOM (cpe-
3aJICST HeOOJIBIIION KyCO4eK KOXKHU MO 3aTHeil KpoMKe
TPYAHOIO TUIaBHUKA, KOTOPBIA 3aTeM INOMEINAJICS B
96%-Hblii CIIUPT).

Jmuna tena (AC) y 112 uccneqoBaHHBIX OCETPOB
BapbupoBasia B ripeAenax 32—182 cm (115.8 £38.6)
nMeJia IBYXBepIIMHHOE pacripeneneHue. ¥ 33 oco-
Oeit mivHa Teia Obiia mMeHee 100 cm (61.7 £ 17.6,
lim = 32-96), a'y 79 ocobeit — paBHa WX GOJIbIIIE
aToro nopora (138.5 + 15.4, lim = 100—182).

Kpome BbIOOPOK, B3SITHIX U3 €CTECTBEHHBIX YCJIO-
BUIi, OBIM TaKKe IMpOaHAIU3UPOBaHBI 16 ocobeit
amypckoro ocerpa (12 ceroyseTkoB u 4 romoBHKa),
B3SITHIX Ha AHIOICKOM pbhliOopa3BogHoM 3aBoje (Ha-
HaMCKMi1 paiioH XabapoBckoro Kpas) B aBrycre 2008 &
Panee 31 ocobu ObLIM MCTONB30BaHbI B UCCIENOBA-
HUU CTPYKTYpPhI KapuoTuma amypckoro ocetrpa [10].
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Toramsnas JJHK Onia BhIZEIIeHAa CTaHZAPTHBIM
¢deHOoIT-X10pO(POPMHBIM CITOCOOOM C UCITOJIb30BaHU -
em nporeuHaspl K. IlomHopasmepHas mociemoBa-
TEJBHOCTh KOHTpoampylomero pernoHa MTIHK
(D-loop) Obuia amMIuMGUIIMPOBAaHA C ITIOMOIIbIO
npaviMepoB LproF u DL651 [11], cneunuyHbIX K
¢maHKupyOIMM ero reHam TtpaHcnoptHoit PHK
(TPHK-Pro u TPHK-Phe cooTBeTCTBEHHO).

AMIuMdUKauo MPOBOAMIM HAa TEPMOLMKIIEPE
Biometra Tprofessional (“Biometra”, IepmaHusi) B
25 MKJI peakiImoHHOM cMecH, BKmodapiei 0.1—0.2 Mkr
toranbHoit JIHK, 2.5 Mxn 6ydepa (60 MM tpuc-HCI,
pH 8.5; 1.5 MM MgCl,; 25 MM KCI; 10 MM 2-mep-
kanToatanona; 0.1% tpurona X-100), 0.5 MKIT cyM-
MBI ge3okcutpudocdaros u3 10 MM pacTtBopa, 1o
2.5 MK oboux mpaiiMmepoB (“buoccer”, HoBocu-
OupcK) u3 nx 2 MKM pacTtBopoB, 2 e.a. Tag-mionume-
pa3bl (“CubodH3um”, HoBocuOMpPCK) U A€MOHU3UPO-
BaHHYIO BOJLY.

IMonumepasHyo LIETTHYI0 peaKInIo MTPOBOIUIIN 1O
clienyloleii cxeMe: HadanbHast neHaTtypauus (94°C —
120 ¢), 30 umkinoB ammummdukanuu (94°C — 45 c,
52°C —30c¢, 72°C — 60 ¢) u moctpoiika uereii (72°C —
480 c). [TpoaykThl aMIUIM(PUKALIMU OUUILIAIU TIePeO-
CaXJIEHUEM U CEKBEHUPOBAIM C TOMOIIbIO Habopa
Big Dye Terminator Bepcuu 3.1 (“Applied Biosys-
tems”, CIIIA) mnpu UCIOAb30BaHUMU TIpaliMepoOB
DL651, AHR u SchF [11]. [TpomyKThl peakiunu pa3-
JIeJISIM Ha aBToMaThdeckoM aHanuzatope ABI Prizm
3130 (“Applied Biosystems”, CILIA/“Hitachi”, fno-
HMs) Ha 6a3e buooro-nouBeHHoro nacruryra JIBO
PAH (r. BmranuBocTtok). ABI-xpomaTorpaMmmbl cOOu-
pajii B KOHTUTU C MOMOIIBIO MpOrpaMM U3 MakeTa
Staden [12].

MHOXeCcTBeHHOEe BBIpAaBHUBAHUE ITOJTYYEHHBIX
HYKJICOTUAHBIX MOCJIEIOBATEILHOCTEN OCYIIEeCTBIIE-
HO ¢ TToMo1ibio mporpamMmMbl MAFFT v. 6.859 [13] me-
TOIOM UTepallmoHHOro yrouneHus — FFT-NS-i.

OCHOBHBIE TTOKa3aTeNIM, XapaKTepU3YIOIINe M3-
MEHUYMBOCTh TOJIYUEHHBIX ITOCeA0BaTEIbHOCTEMH
D-netnun — HabmomaeMoe (/) 4MCIO TaIlJIOTUIIOB,
9UCIO MNOIU(POPMHEIX (CEerperupyolnmnx) HYKIEO-
TUAHBIX TTO3uLMid (S), oOIee YMCI0 BaprabeIbHBIX
no3unuii (Pl, S TUIIOC MHAENN), YMCJIO CUHIJITOHOB
(si), rarotunuueckoe (H) u HyKJeoTUaHOE (7T, p-Au-
CTaHLIMsI) pa3HOOOpa3ue, U Ipyrue — ONPeaesICHbI C
noMmolklo Habopa yruaut FaBox v. 1.4 [14] u nipo-
rpammel Arlequin v. 3.5.1.3 [15].

BIONJ-gepeBo cTpOoMIz C TOMOIIBIO IIPOTPAMMBI
PAUP 4.0b10 [16] r1pu MCITO/Ib30BaHUU MOAEIU HYK-
JeotuaHbix 3ameiieHuit HKY, yudutwiBarolieit oc-
HOBHbIE OCOOEHHOCTH 3BOIOLUN D-11eT/In — Heoau-
HAaKOBBIE JOJIM YeThIpEeX TUIIOB HYKJIEOTHUIIOB U pa3-
HYI0O CKOpPOCTh TpaH3ULMA U TpaHcBepcuii. B
Ka4yeCcTBE BHEIIHE! IPyNITbl UCIIOJIb30BaIU MOCIEA0-
BaTeJIbHOCTU KOHTposupymilero perunoHa MtIHK
OJIM3KUX BUIOB OCETPOB — 0OeJioro A. transmontanus
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(AB042837, AF184108 u X54348) u ocerpa [labpu
A. dabryanus (AY510085), B3sTeie u3 Genbank/NCBI.

IIpoBepKy CeneKTUBHOMN HEUTPaIbHOCTA HAGIIO-
nmaemoro JIHK-mommmopdnama ocyiecTBIIsiiig C 110~
MOIIIBIO OaTraper TECTOB, pacCMaTPUBAIOIIMX pa3-
JIMYHBIE aCMEKTHI 3TOM U3MEHUYNBOCTH: TecTa FOBeH-
ca—Botrepcena [17, 18], pa3paboTaHHOTO B paMKax
MO/ OECKOHEUYHO OOJIBLIOro 4YMucjaa ajuliesieid, a
TaKXe TeCTOB, B OCHOBE KOTOPBIX JIEXXUT MOJEb Oec-
KOHEYHO OOJIBbIIOro yncia caiitoB — TamkuMel [19],
H-tecta @eii u By [20], Fs-tecta @y [21] u TecTa
Kenmnu [22].

Tect IOBenca—BorrepceHa BBHIIOJIHEH B IIPO-
rpamMme Arlequin, ocTajqbHble — B IMporpamMme Dna-
SAM [23]. B mocinenHeM ciiydae HyJIEBOE pacIipeie-
JICHHE CTaTUCTUK I'eHepPUPOBAIIOCH MeTOIO0M MoOHTe-
Kapio B 10000 riceBaocaydaitHbIX CUMYJISILIVSIX TIPO-
1ecca KoaJleCLeHIIMH.

IMTockonbKy B mpoliecce uccienoBaHUsl BbISICHU-
JIOCh, YTO OOHapYKEHHbIE Y aMyPCKOTO OCETpa Bapu-
aHThl D-1ieTin popMUpyIOT IBE YETKO OYepUYCHHBIE
rpynnbl rarioturioB (BG- m SM-ramiorpynmbsl —
CM. HMXE), TO B IOTIOJTHEHUE K aHAJIN3y CYMMAapHBIX
JMIAaHHBIX HaMU TakKXXe MPOBOAMUIOCH PacCMOTpPEHUE
KaxXIOM M3 3TUX TaIIOTPYIIIT ITO OTAETbHOCTH.

WM3BecTHO, YTO KaXAbI U3 MEPEUUCICHHBIX Te-
CTOB B TOUW WM UHOM CTETIEHU YyBCTBUTEJIEH K IPEO-
LIECTBYIOIIE aeMorpauIecKoil UCTOPUHU IIOITYJIsI-
muu [19, 21, 22, 24, 25]. IloaTOMY BBISIBIsSIEMBIE UMU
OTKJIOHEHUSI OT OXKMIAaeMOI, COTJIAaCHO TEOPUU HEM-
TpasibHOCTH, KapTuHbl JIHK-nonumopdusma Ha ca-
MOM JIeJIe MOTYT OBITh BBI3BaHBI HE IEUCTBUEM OTOO-
pa, a HeTaBHUM MaJcHUEM WJIM HAaoO0OpPOT POCTOM
YUCJICHHOCTH TIOTTYJISIIIUU.

BeposiTHBII XapakTep U3MEHEHUS YUCIEHHOCTU
MOMYJISILIMKY aMYPCKOTO OCeTpa BO BpeMeHU (MCTOpU -
yeckoi aeMorpadun) aHaJIU3UPOBaIN C UCHOIb30-
BaHUeM clienytoiux noaxonos. [Ipexne Bcero Oblia
yCTaHOBJIeHa (popmMa pacripene/icHUsT TTOMapHbIX HYK-
JeotTuaHbIx paznuurii MTHK -rarmornnos amypckoro
oceTpa — MHOTOBEPILIMHHAS (COOTBETCTBYET CJIydalro
JneMorpaguyeck cTabMJILHOM MOITYJISIIIM) WX OJl-
HOBepIIWHHAs (CBUAETEIbCTBYET O HEJaBHEM pe3-
KOM YBEJIMICHUN YUCIICHHOCTH HOMYJIIInm) [26].

3aTeM C TOMOIIbIO TIporpamMmbl Arlequin Oblia
MpOBEPEHA MOJICJIb BHE3AIMHOM OJHOCTYIIEHYaTOMN
nemorpadmaeckoii akcrancuu [27]. ITpu aTom 3HaYN-
MOCTb TECTUPYEMOI CTATUCTUKU — CyMMBbl KBaJpaTOB
OTKJIOHEHUI MeXIy HaOo[aeMbIM Y OXHMIAEeMbIM
pacnpeaenieHeM MonapHbIX HYKJI€OTUIHbBIX Pa3TuInii
(SSD) — ouenuBamu Ha ocHoBe 10000 mceBmocyvaii-
HBIX PEIUIMK MapaMeTpUIeCcKoro OyTcTpana.

Crnenymwoleit ObUla TIpOoBepeHa CpaBHUTEIbHO
pocTasi MOJieJib — MOJIeJIb 9KCITOHEHIIMAJIbHOTO PO-
cTa 4yMcJIeHHOCTH nonyisuuu. Ee mapamerpsl (0 —
MOMYJISIUMOHHBIN TTapaMeTp 2N 1, rne N — addek-
TUBHAsl YMCJICHHOCTb CaMOK B MOMOYJSIUUAM, a [ —
CKOPOCTb HYKJICOTUIHBIX 3aMelleHUi/CcaiiT/IIoKO-

INEABKO u ap.

JIEHHE; g€ — TToKa3aTeJib CKOPOCTHU POCTA ITOITYJISILINM)
OIpeIeIISIIN ABYMSI CITOCO0aMU — C UCITOJIb30BaHUEM
METOIa MAKCUMAaJILHOTO IIpaBaonoaoous [28] u Gaii-
ecoBckoro mnoaxonaa [29]. B nepBoM ciryyae MCHOJIb-
3o0Bau nporpammy Fluctuate v. 1.4 [28] npu ciaenyro-
IIMX YCJOBUSIX MOUCKA YKa3aHHBIX MTapaMeTpoOB: ya-
CTOTBHI HYKJICOTHAOB — SMIIMPUIECKUE, OTHOIICHNE
yrciaa TpaH3UIMK K YUCTy TpaHcBepcuit — 37; cTap-
TOBOE JEpeBO — Ciy4yaiiHoe; aHaiau3 cocTosii u3 30
KOPOTKMX 1LIeTield IpoTskeHHOCThio 1o 50000 muk-
JIOB ¢ oTOOpOoM Kazkmoro 50-ro, 3atem cienoBanu 20
JUTMHHBIX LIETeN MPoTsKeHHOCThIo 1o 500000 nuk-
JIOB ¢ oTOopoM Kaxkaoro 50-ro. B kauecTBe HaYaIbHOI
0 Gpasach olieHKa, paCCYUTAHHASI UICXOS U3 YMCIIA TI0-
JMMOpPGHBIX (cerperupyroiniux) caiitoB. Bo Bropom
cirydae ucrioiib3oBaiu nporpammy BEAST v. 1.7.5 [30]
TIPU YCJIOBUSIX: MOJEJIb HYKJIEOTUIHBIX 3aMEIIIEHUI —
HKY; Monenb MOJIEKYJISIDHBIX YaCOB — BapbUpPYIO-
muye (He CTpoTrue) 4Yachl ¢ HEeKOpPpPEeJIUPOBaAaHHBIM
JIOTHOPMAJILHBIM pachpeaeieHueM CKOPOCTeil HyK-
JICOTUAHBIX 3aME€H IO BETBSIM JepeBa; IPOTSIKEH-
HOCTb aHan3a — 10 MJIH IUKJIOB C OTOOPOM KaXKIOIro
ThIcsTaHOTO (burn-in — neppeie 10% uukiion). Cym-
MHUpOBaHUE pe3yJbTaToB 0alieCOBCKOTrO aHajn3a
MNPOBOAWJIY C TTIOMOILbIO TTporpaMmel Tracer v. 1.5. B
o0omx ciryJasix MOJAeIb IIPMU3HABaIach alleKBaTHOM,
€CJIM HyJIEeBO€ 3HaYeHKE He Moranajio B 95%-Hblii 10-
BEpUTEIIbHBIN (MM NpaBOONOOOOHEBII) WMHTEpBal
nokKasareJisi CKOPOCTHM pocTa MONyJsIuuu (g).

HakoHel1, B 10oMo/IHEHHE K MPOCTHIM MapaMeTpu-
YEeCKHUM MOJEsIM MCNOIb30BaJICsl HanboJliee ruOKuii
MOJIXOA — METOJ KOHTYpHOI nuarpaMMbl (CKaitnai-
Ha) [31]. OToT MeTo Ga3upyeTcsl Ha aHaJIu3e MaTTep-
Ha PEKOHCTPYMPOBAHHOW TIeHeaJoruu MnocaeaoBa-
TenpHocTe JJHK B BBIOOpKE M maeT BO3MOXHOCTh
HUCCJIEA0BATh UCTOPUIO U3MEHEHUS pa3Mepa MOITyJs-
MU 06e3 HEeoOXOAMMOCTU BBEAEHHS alpPUOPHBIX
OrpaHWYEHUI Ha BO3MOXHbBIE MOJIEJIU TTIOBEICHUS €€
YHCJIEHHOCTU BO BpeMeHU. bailecoBcKUi cKailnaiiH
YUYUTHIBAET Ty HEOINPENeJIeHHOCTh, KOTOpasi Heu3s-
O€XHO COTIPOBOX/IAET BBIYMCIEHUE T€HEATOTUM T10-
cinenosatenbHocTeil JIHK B BEIOOpKeE (B IJIaHE €€ To-
MOJIOTUU 1 PACTIOJOXEHMUSI COOBITUI KOoaJleCLIEHIIUH
BIIOJIb 11IKaJIbl BDEMEHM) 1 MO3BOJISIET OLIEHUBATDb OJ1-
HOBPEMEHHO ITapaMeTpbl MOJEJM 3BOJIOLUMU HYK-
JIEOTUIHBIX MOCIeA0BaTeIbHOCTEM, TeHeaJloTuIo Mo-
CJIeIHUX, a TakxXe JeMorpadrueckyio UCTOpHUIO To-
NyJISLAN, U3 KOTOPOI OHM TMOJy4YeHbI [32].

batiecoBckue ckaiiylaitfHbI CTPOUIU C TTOMOIIIBIO
nporpamMmbl BEAST [30] ripu clienylonmx yCiaoBuUsIX.
Monens HykiaeotuaHbix 3amelneHuii — HKY. Yucno
TPYIIIT, OOBETUHSIIOIINX OTHOCUTEIIFHO OJIM3KHNE KO-
ajlecLieHIM (ITogo0paHo Ha OCHOBE BbIUMCIICHUI Oali-
€COBCKOTo (haKTOpa IS pa3IMIHOIO UX YKCJIa), — IBE
it BG-rammorpynnbl M 9eThipe 11 SM-ramio-
I'PYIIIbLI WJIM CYMMapHOIi BLIOOPKU. MoJieIb MOJIEKY -
JISIPHBIX YaCOB — BapbUpylollne (He CTPOrve) 4achl C
HEKOpPpPEeJIMPOBAaHHBIM JIOTHOPMAJIBHBIM pacIIpee-
JIEHVMEM CKOPOCTEN HYKJICOTUIHBIX 3aMEH IO BETBSIM
TEHETUKA Ne 2

ToM 51 2015



M3MEHYMBOCTb MUTOXOHIPUAJTBHOM THK 203

nepesa. O011Iasg MPOTSKEHHOCTh 0aiileCOBCKOTO aHa-
JIn3a 3aBUCeIa OT CKOPOCTU TOCTUKEHUST HEOOXOIM -
MOT0 3(h(HEKTUBHOTO Yncia BLIOOPOUHBIX TOUEK (00-
nee 200) o1 KaXXaoro u3 mapaMmeTpoB MOAECINA U CO-
craBuna g BG- m SM-ramorpyrmm, a Takxke
CYMMAapHOI BBIOOPKM COOTBETCTBEHHO 16, 10 wiu
24 MJTH IIMKJIOB C OTOOPOM M3 HHMX KaXKIOTO THICSTI-
Horo (burn-in — nepsbie 10% OT MX 0OILETO YKCIIA).
ITpu noctpoeHn 6alieCOBCKUX CKAJIaiHOB MBI C-
MOJIb30BAJIM OLIEHKY CKOPOCTH 3BOJIIOLIMN KOHTPO-
smpymoiero pernona MtJAHK, pasayro 1.2 x 107 3a-
MEH Ha HYKJICOTUTHYIO O3ULINIO/ToA,/TuHUI0. OHA SIB-
JIsIeTCA CcpenHeit Ui nHTepBaya oueHok (1.1 x 1077—
1.3 x 1077), paccUATaHHBIX LIS COOTBETCTBYIOLIETO
yyactka MTIIHK y Gestoro ocerpa (puaoreHeTU4EeCKA
OmKalIInii K aMypCKOMY OCETPY BUI), MCXOOS U3
yucia 3aMEIEHU, HAKOTUJIEHHBIX OMHOM M3 €ro no-
MyJISILII TTocjie BICBOOOXKAeHUS p. ®peiizep u3-1om,
JIEMHUKOBOTO 1uTa/maHuups 10—12 ThIC. JeT Ha3az,
[33]. B pe3ynbraTe MICKOMBIN ITapaMeTp, XapakTepH-
3yIOLIUI pa3Mep MONYJISIIUU, 0Ka3aJICs BHIpaXKeH B
BUle Tpou3BeAcHUs 3(P@(EKTUBHONM YMCICHHOCTU
CaMOK B TIOIYJISILIMM Ha MPOIOJDKUTEILHOCTD ITOKO-
JeHust (N T).

PE3VIJIBTATbI

CtpyKTypa KOHTpoaupymllero peruoHa MtIHK
MCCIeAOBaHHBIX 0CO0E aMypCKOTO OceTpa IIPUHIIN -
NUaJbHO HE OTJIMYaIach OT TOM, YTO ObLIa YCTAHOB-
JICHa AJIs1 3TOro BUaa Ha apyrom Matepuaie [11, 34].
Yacts D-nietsiu, npusneratoiiias K reny TPHK-Pro (ee
3'-KOHell), COCTOUT M3 06JI0Ka TaHIEMHO OpraHU30-
BaHHBIX 82 IMH IOBTOPOB, KaXIbIi M3 KOTOPHIX CO-
nepxut TAS Il (termination-associated sequence)
3JIEMEHT Ha ero 5'-KoHIle. 3a HUM cJIieayeT OaHa He-
roJiHast (39 mH) Korusl, y KOTOPOii OTCYTCTBYET YacTh
noBTopa, Hecyiasi TAS I1 anemeHt. Jlanee pacroiio-
XeHa OCHOBHAas 4acTh D-metim.

ITpoananu3upoBaHHasi obyiacte D-TieTin BKITIO-
yaja B cebs MOCJICIHIO TTOJTHYIO, a TAKKE yCeUeH-
HYIO KOITMIO TTOBTOpsolierocs aiaeMenTa (121 nH B
CyMMe), a TaKxKe BCIO OCTaBIIYIOCS 4acThb D-meTiu
(675—691 1H), npuneraroonyo K reHy TPHK-Phe n
conepxatnyio TAS IIl n CSB I-1II (conserved se-
quence block) aneMeHThl. Takum obpa3oM, oOIast
ITMHA 3aleiiCTBOBAHHOTO B aHainu3e (parMeHTa
KoHTpoabHOro pernoHa (KP) y pazHbIx 00pa31iosB co-
craBwia ot 796 no 812 mH.

Bcero y 128 o6pa3moB aMypcKoro ocerpa OBLIO
BBISIBJIEHO 74 paznuuHbiX BapuaHTa KP (puc. 1), pas-
JIMYABIIUXCS MO0 TOUSUHBIMU HYKJICOTUIHBIMU 3a-
MELICHUSIMU 1 UHaexsiMu, aub6o (mmaper SCH4—5 u
SCH30—31) ToJbKO MHACISIMU.

YV ocobeii, TTOydeHHBIX U3 €CTECTBEHHBIX YCIIO-
BUM (n = 112), B 00IIIEH CITOXKHOCTUA OBLIO UAECHTHU-
¢uumposano 73 rarutoruna — SCH1-73.

Y ocobeit aMypcKoro oceTpa, B3SITBIX Ha AHION-
CKOM pBIOOpa3BOAHOM 3aBoje (1 = 16) U TOABEPTHY-
ThIX paHee [10] KapuOTUITMPOBAHMUIO, OBLIIO BBISIBJIE-
HO 4YeThIpe ramjoTuria. M3 atux ocobeit 12 Hecu ra-
wiotunsl SCH7 (8 ceronerkoB), SCH34 (tpu
rogoBuka) u SCH23 (onuH romoBUK), a OCTaJbHbIE
geThipe (cerojietku) — ramnotun SCHK, koTopslit B
BBIOOpPKAx M3 MNPUPOJHON MOMYISLIUNA aMypCKOTo
oceTpa oOHapyxXeH He ObUT. TaknuM 0O6pa3zoM, MOXKHO
YTBEPKIATh, YTO KAPUOTUIIMPOBAHHBIE OCOOU aMyp-
CKOro oceTpa ObUIM TOTOMKaMU KaK MUHUMYM YeThI-
peX pa3IMYHBIX CAMOK. YKaxXeM, YTO 110 OCHOBHBLIM
XapaKTepUCTUKaM KapHMOTHIIOB 3TH OCOOM oOKa3a-
JIUCh oMHOPOAHHI [10].

IIpumepHo y 40% wmcciaenoBaHHBIX ocobeit (y 50
un3 128) B KP mt/IHK Habmomanack cpaBHUTEJIHLHO
KpyImHas aejienust [iruHou ot 13 no 14 nH (mo3uuuu
¢ 543-i1 1o 556-10 B MaccuBe BBIpaBHEHHBIX MOCTIE-
JloBaTesibHOCTEe — puc. 1), KkoTopas pacnoJjarailach
HerocpeacTBeHHO no3agu CSB I ydactka. Pasmep
JIPYTUX UHAEIeN ObLI HAMHOTO MEHbIIE U COCTaBJISLI
OonHYy (B YeThIpeX Cydasx) Ju0o aBe (€ IMHCTBEHHBIN
cJiydail) HyKJIeOTUIHbIE TTo3uliiu. OcTajibHbIE MyTa-
11u B paccmatpubaeMoM ¢parmeHTe KP O0butn npen-
CTaBJIEHbl TOUEUHBIMU HYKJIEOTUIHBIMU 3aMelleH -
sIMU, 3aTPOHYBIIUMU, B OOIIEHN CIIOXKHOCTH, 73 HYK-
JICOTUAHbIE MO3UIMU. [Ipr 3TOM OOJBITMHCTBO U3
HUX COCTaBUJM TPaH3UIIMU, a 3aMELIEeHUs 0 TUIY
TpaHCBEpPCUl HaOMIOJAJIMCh JIWIb B TPEX HYKJIEO-
TUAHBIX TTO3ULIUSIX.

larutotniel, pasauyalomuecss 10 TPUCYT-
CTBUIO/OTCYTCTBUIO 13—14 mH aejlenuu, paszinya-
JICh TaKKe OOJIBIIMM YUCIIOM (OKOJIO 26 B CpeIHEM)
TOUYEUHBIX HYKJICOTUAHBIX 3aMeIeHU U COCTaBUIINA
TakKUM 00pa3oM JBe TPYIIbl, UMEHYyeMBblIe Jajiee Kak
SM (SCH40-73 u SCHK — c¢ meneuueit) u BG
(SCH1—39 — 6e3 nenenuun) rariorpymiibi.

Bapua6ensnbie no3uuuu B KP MtIHK amypcko-
ro oceTpa oKa3aJIuCh paciipee/ieHbl HepaBHOMEPHO
(puc. 2). OcHOBHAasI Macca TOYEYHbBIX HYKJICOTUTHBIX
3aMelleHU HabMonanach B HaYaJIbHOM 4acTu Ipo-
aHanm3upoBaHHoro ¢pparmenra MTJIHK — B paitone
pAacCIOJIOXKEHUS TTOBTOPSIOIIMXCS 2JIEMEHTOB (ITO3U-
uuu 1—120), a takke TAS 111 yaactka D-nietniu (1mmo-
aunuu 121—200 MaccuBa BeIpaBHEHHbBIX IIOCJIEI0BA-
TEJILHOCTEN), Ha KOTOPBIM TpUIILJIaCh MOJa 3TOrO
pacripenesieHus Kak B cirydae BG, Tak u B cimygyae SM
raruioTunoB. JIFOOOIMBITHO, 4YTO COXpaHUBIIASICS
3'-MmojI0BMHA MOCJEAHENH KOIMUU IMOBTOPSIOIIErocs
aneMeHTa (cermMeHT 81—120) okazamach IPUMEPHO B

Puc. 1. Bapua6enabHbie mo3uniuu Bo pparmente D-netinm mtIHK aMmypckoro oceTpa (HyMepaiusi Ipou3BeAecHa OTHOCUTEIBHO
TMEPBOI TTO3UIIMH TTOCJIEAHEN TTOTHOUW KON 82-HYKJIEOTUAHOTO TIOBTOPA), TAIJIOTUIBI U MX BCTPEYAEMOCTh B BBIOOPKAX U3

npupoabl Win (LUGpPbl B CKOOKAX) UCKYCCTBEHHBIX YCIOBUH.
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Yuciro mo3unuii ¢ 3aMeHaM1
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CerMeHT

Puc. 2. PacnipeneseHue BapuabeabHbIX MO3ULIKA (0Ch OpAUHAT) 10 40-HYKJIEOTUAHBIM CETMEHTaM MCCEI0BAHHOTO (hparMeH-
Tta D-ntetiin MTJIHK amypckoro ocetpa. Cepast u depHast 3aJIJMBKM MapKUPYIOT OLIEHKH, TToJiydeHHbIe 111 BG 1 SM rpymi ra-

TIJIOTUIIOB COOTBETCTBEHHO.

2 paza OoJiee M3MEHYMBA, YEM COOTBETCTBYIOIIAS
3'-gacTb npearociaeaHe (II0JIHO#) Konuu 82 MH I10-
BTOpa (cerMeHT 1—40). Ipyroit 06;1acThiO CTYIIICHUS
TOYEUHBIX HYKJICOTUIHBIX 3aMeIIeHUI ObLT 5'-KOHEII
D-mtetim B paiioHe pacIoOXEHUSI 3JIEMEHTOB
CSB I-111. TIpn 3toM ecnu B ciaydae BG-rammotu-
MOB BapuabesibHbIe TTO3ULIMU ObUIM paclipeesieHbl
3iech Oojiee WM MeHee PaBHOMEPHO, TO B Ciydae
SM-rarmIoTUIoB OHM 00pa30BaId OTYECTIUBYIO MOIY
B MX paclipeneiaeHun — cerMeHT 481—520 (puc. 2).
Tem He MeHee OTMETHM, UTO B 1IEJIOM 110 pacripeaesie-
HUI0 BapruadeabHbIX mo3ulinii BG u SM raruiorpyr-
bl OKa3aJIuCh OgHOPOIHBI (P = 0.548, TOUHBIN KpU-
Tepuii @uiiepa).

CpaBHEeHME 4YacTOT TalUIOTUIIOB B BBIOOpKax
aMypCKOTO OCeTpa, B3SIThIX B pa3Hble CE30HBI (Mali—
uioHb 2009 r, aBryct—ceHTs10ph 2009 1., ceHTSIOpb
2010 1. ), c MTOMOIIBIO TOYHOTO HETTapaMeTPUIECKOTO
TecTa MOMyJISIUMOHHON auddepeHumauuu [35] mo-
KazaJio ux omHOopoaHOCTh (P = 0.803). AHaTOTMYHBI
PE3yJIBTAT MOJTyYeH MPY UCIIOIb30BaHUM F-CTaTUCTUKU
Paiita vy nucriepCMOHHOIO aHaIM3a MOJICKY/ISIPHOMN
n3MeHIUBOCTH [36] — Fgp=—0.004 (P=0.898) u O =
= —0.005 (P = 0.458).

Bri6opku, crpynnupoBaHHbIe 110 TogaM (2009 u
2010 rr), TakKe OKa3aJuCh OJHOPOMHBI: TOUHBIA
tect — P = 0.251, Fgr = —0.001 (P = 0.554) u Og; =
=0.013 (P=0.213).

CpaBHeHUEe ABYX pa3MepHBIX TPYMIl aMypCKOro
oceTrpa (mHa Tema 32—96 cm u 100—182 cm) Takke
HE BBISIBWIO UX T€TEPOreHHOCTU: TOUHBIN TeCcT — P =
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=0.680, Fgy = —0.004 (P = 0.857) u ®g; = —0.017
(P = 0.990).

CraHgapTHBIE TOKa3aTeJlM, XapaKTepu3ymollue
U3MEHYUBOCTh MOCIEI0BATEIbHOCTEN paccMaTpuBa-
emoii obinactu KP mt/IHK y obpa3noB amypckoro
oceTpa, MOJIyYeHHbIX U3 eCTECTBEHHbIX YCIOBUM, 1a-
HbI B Tabauie (. Ne 1—11). ITo GoAbLIMHCTBY U3
HUX OLIEHKU, TMOJy4YyeHHble 1 SM-ramiorpynmsl,
OKa3bIBAlOTCS BbIIIIE TAKOBBIX, PACCUUTAHHBIX IS
BG-ramnorpynmnel. [TpumeuarenbHbl pa3audus ram-
JIOTPYMII IO YPOBHIO ralIOTUMMYECKOTo pa3Hoo0pa-
3us (0.985 mpotus 0.938, 4yTo cTATUCTUYECKU 3HAUM -
Mo — Z = —1.85, P=0.032), a TakKKe 110 3HAYCHUSIM
0, 1 Oy, pacCUMTaHHBIM, COOTBETCTBEHHO, MCXOS 13
Yyuciia TaroTUIIOB B BBIOOPKE M UX pa3HOOOpas3usl.
Cyns 1Mo BceMy, MPUUMHON 3TUX pa3INYUil SIBJsSIETCS
OTHOCUTEJILHO BbICOKAas BCTPEYaA€MOCTb raruioTvna
SCH34, xoTopass mpuMepHO B 3 pa3a BBIIIE TOM, 4TO
OXHUJIaeTCsl COTJIaCHO BbIOOpOYHOil Teopuu FOBeHca
[17] mpy IpUHSTUA MOJIEI HEOTPAHUYEHHOTO YHC-
Jla aJuleJiel B YCJIOBUSIX UX CEJIEKTUBHOW HEUTpasib-
HOCTHU U ICUCTBUS CIy4aliHOTO T€eHETUYECKOTrO Apeii-
(da — 16 npotus 6. [TonTBep:KIeHEM 3TOMY CIIYKUT TO,
YTO UCKYCCTBEHHOE CHIDKEHUE abCOIIOTHONW YMCIIeH-
HOCTM JaHHOTIO TraIIioTUIIAa A0 pacyeTHoi (¢ 16 1o 6)
NPUBOAUT K MOJTHOMY HMBEJIMPOBAHUIO pa3IWUYMiA
mexay SM u BG rarmtorpyniraMu 110 I1oKasaTesssM
H, 6, n Oy (nx 3HaYeHms 111 BG-ramrorpymms! cra-
HOBSITCSI paBHBIMU COOTBETCTBEHHO 0.982, 55.6 u
52.1).
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IMokazarenu, xapakTepusyloiiue U3MeHYNBOCTh D-TieTnin B IByX rpymrax ocodeil aMypcKoro oceTpa, BblIIeJIEHHBIX O
tuny MTIHK-ramnnotumnos, a Takke B X CyMMapHOI BbIOOpPKE, B3SITOM U3 €CTECTBEHHBIX yca0BUil — Ne 1—11; pe3ynbra-
THI TIPOBEPKHU 3TOM M3MEHUYMBOCTU Ha HEUTpaTbHOCTh — No 12—16; pe3yabTaThl TECTUPOBAHWSI MOJICJIM BHE3aITHOM CTY-
neHyaroi neMorpaduyeckoii akcrnaHcuu [27] — Ne 17—18; a Takke OCHOBHBIE TTapaMeTPbl MOJIEN 9KCIOHEHIIMATBLHOTO PO-
CTa YMCJICHHOCTH ITOIYJISILINY, PaCCYMTAaHHbBIC IIPU UCITOIb30BaHNI METOIAa MaKCUMaIbHOTO rmpaBaorronoomst (Ne 19—20) [28]

uim G6atiecoBckoro noaxoaa (Ne 21—-22) [29]

Ne [Mapamerp' BG-ramorpymma (7 = 66) | SM-rarutorpyrmmna (n = 46) | CymmapHas Beioopka (n = 112)
1 L 812 799 813
2 S 33 48 73
3 Pl 36 52 92
4 si 13 15 16
5 h 39 34 73
6 H 0.938 + 0.024 0.985 + 0.008 0.976 + 0.009
7 0y, (95% CI) 39.2 (24.1—-64.0) 57.4 (31.1—108.7) 89.8 (61.1—133.0)
8 Oy 13.6 6.0 61.8 +33.4 38.9+15.3
9 0 6.93 +2.14 10.92 + 3.40 13.80 + 3.60
10 |o, 3.21+1.86 9.52+4.94 15.75 + 7.84
11 [0, (95% CI) 0.024 (0.016—0.035) 0.034 (0.023—0.052) 0.059 (0.044—0.076)
12 |EW(P) 0.076 (0.000) 0.037 (0.490) 0.033 (0.000)
13 |D(P) —1.74 (0.014) —0.51 (0.345) 0.35 (0.716)
14 | Hpy (P —0.78 (0.142)? —0.11 (0.289)° -
—3.27 (0.008)* —1.51 (0.065)° -
—6.52 (0.000)° —3.80 (0.002)° —3.59 (0.008)°
15 |(Z,5(P) 0.02 (0.001) 0.07 (0.060) 0.10 (0.421)
16 | Fs(P) —37.51 (0.000) —17.39 (0.000) —36.57 (0.000)
17 [1(95% CI) 1.70 (0.59—6.41) 12.98 (7.24—17.42) 42.31 (17.65—50.76)
18 | SSD(P) 0.00075 (0.814) 0.00626 (0.434) 0.03056 (0.002)
19 |6, 0.100 £ 0.017 0.076 +0.011 0.079 + 0.008
20 g 1896.9 + 138.0 455.2+70.1 209.4 +33.1
21 |6,(95% HPD) 0.108 (0.034—0.262) 0.076 (0.030—0.144) 0.088 (0.052—0.138)
22 |g(95% HPD) 1785.8 (754.4—3093.9) 461.2 (158.7—860.1) 263.7 (88.0—513.8)

! Pacuimgposka ob6o3HaueHuit: L — 1yiiHa MaccuBa BbIpaBHEHHBIX MTOCIEI0BATEILHOCTE M § — YMCII0 MO3ULMIA C HYKJIEOTUIHBIMU 3a-
MeHaMu; Pl — oOluee unciio BapuadeIbHbIX MO3ULIMHI (.S TUTI0C UHACHN); Si — YMCJIO CUHTJITOHOB (CAaliTOB C HYKJIEOTUIAHBIMY 3aMEHAMMU,
BCTPEYAIOLLIMXCsI B BBIOOPKE JIULLb Y €AMHNYHBIX 00pa3LoB); /1 — YNCIIO FAIUIOTUIIOB; H — raIuIoTUIIMYecKoe pastHoobpasue; Oy, /s — 1o-
MYJITUMOHHBIA TapaMeTp 2NV (Nop— 3 hEKTUBHAS YMCIEHHOCTh CAMOK B ITOITYJISILIAM, V — CKOPOCTh HYKJIEOTUIHBIX 3aMeIeHN I/ HYKJTe -
OH/TIOKOJIEHUE), pACCYUTAHHBIN, UCXO/IsI, COOTBETCTBEHHO, U3 YKCJIA rarjoTUIOB (/) B BBIOOpKeE, UX pasHooOpa3usi (H), uucia cerpe-
TUPYIOIINX caiTOB (.S) WM IMOMapHBIX HYKJIEOTUAHBIX pasnuuuii (n); EW — tect FOBeHnca—Botrepcena [17, 18]; D — tect TamkuMbl
[19]; Hpy, — H-tect ®eii u By [20] B Hopmanm3zoBaHHOi dhopwMe [25]; Z, g — TecT Kemmn [22]; Fs — Fs-tect Dy [21]; T — BpeMs B MyTa-
LIMOHHBIX eAnHULIAX, 2vVT (V — CKOPOCTb HYKJIEOTUAHBIX 3aMelleHU I /HYKJIeOH,/TToOKoJeHue, T — YMCI0 MOKOJEHUMI, MPOLIEAIINX C
MOMeHTa aeMorpaduyeckoii akcnancumn); SSD — cymma KBaJpaToB OTKJIOHEHUMI MeX1y HaOII0AaeMbIM 1 OXKUIAeMbIM pacripenesie-
HHEM TOMAaPHBIX HyKJIEOTHIHDBIX PAasIn4uii B MOJIEJN BHE3AIHOM AeMOrpaduueckoil akcnancn; 0/, — MOny/IALMOHHbBIN NapaMeTp
2Nt (Nog — 2bdexTUBHAST YUNCIEHHOCTb CAMOK B MOMYJISILIMY, @ L — CKOPOCTb HYKJICOTUIHBIX 3aMEILIEeHNI/CaliT/TIOKOJIEHUE), pac-
CYNTAHHBII HA OCHOBE aHAIM3a KOAJTECLEHLINU FalUIOTUIIOB B YCIIOBUSX YUCIEHHO CTaOMIBbHOI (6.) UM pacTylleil CornacHo 3KCIo-
HEHUMAIbHOM Mozenu (Og) Ionyisaumm; g — nokasateslb CKOPOCTH pOCTa MONYJIsILUMHU; T — cTaHaapTHoe oTkioHeHue; Cl — nosepu-
TeJibHbIN nHTepBasl; HPD — nHTepBan HauBbICIIel amOCTEPUOPHO TIIIOTHOCTU; P — p-3HaueHue (BepOSITHOCTD MOJyYeHUs TECTOBOM
CTaTUCTUKHM, PABHOM WM GoJiee SKCTpeMallbHO, YueM HabJogaemast, py yCIOBUHY CITPaBEIVIMBOCTU HYJI€BOM TUITOTE3bI).

-6 Pesynbratel H py~Tecta, MOJIyYEHHbIE IIPY UCITOJIB30BAHUU B Ka4eCTBe BHEIHEH rpynnbl ramiorunos SCH35 (2) u SCHS55 (3),

SM -rartorpymnisl (4), BG-rarutorpytimst (5) VUIU TaTUIOTUTIOB A. transmontanus (6).

Bricokas yactora ramtoturia SCH34 oOycinoBin- U IIpu aHaIM3¢ CyMMapHBIX JaHHBIX (Tabauiia). Yka-
BaeT cratuctudecku 3HauuMbIi (P < 0.000) skciiecc  XXeM Ha TO, YTO MCKYCCTBEHHOE CHIDKECHUE YHCJICH-
TOMO3UTOTHOCTH, BBISIBIISIEMBII C TIOMOIIBIO TecTa Hocth rarutotnnia SCH34 ¢ 16 mo 6 yMmMeHbBIIaeT B
FOBeHca—Botrepcena [17, 18] He ToJabKO B ciiyyae 2 pas3a OLIEHKM FOMO3UTOTHOCTH Kak mjist BG-rarmo-
paccMoTtpeHust BG-ramiorpymiibl B OTAEJIbHOCTU, HO  TPYMIIbI, TaK W JJIsI CyMMapHoit BbIOOpku (EW =
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Paznuuus

Puc. 3. YactoTHoe pacnpe/eieHre MOMapHbIX HYKJIEOTUIHBIX Pa3JIMYUiA, TTOJTYy4eHHOE IS CYMMapHO# BBIOOPKH (@), a TaKKe
otaenbHo mist SM (6) unmu BG (g) rpyrn mt/IHK-ramioTuroB amypckoro ocerpa.

=0.036 u EW = 0.018 cOOTBETCTBEHHO) 1 TIPUBOIUT
UX B COOTBETCTBHE C TEOPETUYECKM OXKMIA€MbIMU
(P=0.750 u P=0.592 cOOTBETCTBEHHO).

ITposepka nameHunBoctd KP MTIIHK 06pa3siios
aMypCKOTO OceTpa Ha HeNTpaJIbHOCTb C UCTIOJIb30Ba-
HUEM JIPYTuX TECTOB MpUBeJIa K CIAEAYIOIIUM PE3YJib-
TaTam.

Tect Tamxumbl npu paccmMoTrpeHun BG-ramso-
TPYIIIbI BBISIBUI CYILIECTBEHHBI M30BITOK MYTAlIHii,
UMeIoNInX HU3KyIo Jacrory: D = —1.74, P = 0.014.
B citysae SM-ramtorpynmnbl 3HaueHUe D-CTaTUCTU-
KU OBIJIO TaKKe MeHbIIe Hys (0, < Og), Ho abcomoT-
HOE€ 3HAYEHME COCTABMJIO HEOOJIBIIYIO BEJIUYUHY, U
JIaHHOE OTKJIOHEHME OT MOJEIU HEUTPaJIbHOTO IO-
JmuMop@dur3Ma 0Ka3aJaoCh CTATUCTUYECKM HE 3HAYM-
mo. ITockonbKy cymMMapHasi BEIOOpKa MpeIcTaBIIsia
co0oi1 cMech TaIJIOTUIIOB U3 JBYX XOPOIIIO pa3anya-
IOLIMXCSI TAIUIOTPYIIIL, IIPU €€ pACCMOTPEHUM OXHUIa-
eMO TIOJIYYeHO MoJioxkuTesibHoe (0, > Og) 3HaueHue
D-cratuctuku. BripoueM, 1 B JaHHOW KOHQUTypa-
UM TIPOBEICHHOTO TECTA JOITyILIEHNE O CEJICKTUBHO
HEeUTpaJIbHOM XapakTepe HaOJI0JaeMOro MOJIUMOP-
¢duzMa OTBEPTrHYTO HE OBLIO.

PesynbraTel npumenenust H-tecta @eii u By [20]
OKa3aJlCh COMHUTEbHBIMU, IOCKOJBKY HAaXOIU-
JIMCh B CWJIBHOM 3aBUCHUMOCTHU OT TOT'O, KaKasi BHEIII-
HsIs1 TpYyIIIa Obljla UCIOJIb30BaHa (IMOCeIHsSI He00-
XoauMa JIJISI BBISIBJICHMSI IPOABMHYTHIX MyTanuii). Ha
npumepe BG 1 SM raruiorpyIin MOKHO BUIIETh, YTO
yeMm OoJjiee yHaJieHHOM Obula BHENIHSISI TpyMIia, TeM
OOJIPIIMM OKa3bIBAIOCh 3HaUYe€HUE Hpy~CTaTUCTUKU U
TeM 0oJjiee BEpOSTHBIM ObLIIO TOCTIDKEHUE CTaTUCTUYC-
CKOIi 3HAUMMOCTH JAHHOTO TecTa (CM. TaOIHILy).

PesynbraTel Z,¢-Tecta [22] B 1€J10M MOBTOPWIN
KapTUHY, TOJIyYeHHYIO MpPW MCHOJIb30BAaHUM TecTa
TamxyMmbl. CTaTUCTUYECKU 3HAYMMOE OTKJIOHEHME
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OT MOJIeJIU HEUTPATBbHOTO MOIUMOPGhU3Ma BbISIBJIEHO
TOJIBKO TIpU paccMoTpeHnu BG-ramnorpynmsl. 3Ha-
YEHUSsI CTAaTUCTUKU Z, g, pACCUMTaHHbIE U1s1 SM-rar-
JIOTPYMITbl WJIM CyMMapHO# BbIOOPKU, COOTBETCTBO-
BaJIM TeM, YTO OKUIATNCH B CJIydae CIIpaBeITMBOCTH
yKazaHHoOi Mojenu. OTMETUM, 4TO 3HauyeHus Z,g,
MOJTyYeHHbIE 7151 TOCTIEAHUX ABYX IPYIIIUPOBOK, Ma-
JIO OTJIMYAJIMCh JAPYT OT JApyra, HO ObLIM, COOTBET-
CTBEHHO, B 3.5 wiu 5 pa3 Bblllle CTaTUCTUKU Z, g, Pac-
curutaHHo#l jist BG-ramiorpyniel, 4To yKa3bIBaeT
Ha MX pa3inyus B T1aHe (DOPMBI TeHEeaJIOTUH Taruio-
TUTIOB [22].

CormacHo Fs-tecty @y [21], cTaTUCTUYECKU BBI-
coko 3HauuMbIi (P < (0.000) u30BITOK HEJABHUX MY-
Tallii CBOMCTBEH BCEM TPEeM BapHaHTaM TPYIIIIUPO-
BaHUS 00pa3lioB aMypCKOro oceTpa (CM. TabJIHILy).

PacnipeneneHve HyKJIEOTUIHBIX PA3TUUUNA MEXITY
napamMu raruiotunoB u3 BG-ramiorpynmnel MMeso
OIHOBEPILIMHHYIO (hDOPMY C MOJOIM B Havajie IIKaJIbl
(puc. 3). Mojaa aToro pacripefejieHusI, MoJIydeHHOTO
JUISI TAaTIJTOTUIIOB 13 SM -Taniorpyminel, Obljia CMeIie-
Ha B CTOPOHY 06Jb1ux 3HaueHuii (10 u 12). B aTtom
ciiyyae ero (hopmy Takxke MOXKHO OXapaKTepru30BaTb
KaK OJHOBEPIIMHHYIO, HO C HEKOTOPOI HATSI>KKOM,
TOCKOJIBKY B JIEBOI1 YacTW pacmpeAceHUs] HaMmeda-
€TCsl TOMOTHUTEbHBIN MUK, TTO3UILIMOHHO COBIaaa-
IOLIMI ¢ KPUBOW pacmpenesaeHus] MonapHbIX HYKJI€O-
TuAHbIX pazmuuuii B BG-ramnorpynre (puc. 3). Ilpu
paccMOTpeHUN CyMMapHOI BBIOOPKU pacripeie/ieHue
nonapHbIX HYKJIeoTUAHbIX pazmmuuiit MTIHK ramio-
TUTIOB MMEJIO IBE MOJIBI B paitoHe 3HaYeHui 2 1 25.

XOpoI110 U3BECTHO, YTO OTHOBEPIITMHHOE pacIipe-
JeJICHUE MOIapHbIX Pa3InuMii MOXET ObITh MPU3HA-
KOM HeJJaBHETO OBICTPOIO POCTa YMCISHHOCTHU MOITY-
nauun [26]. B coOOTBETCTBUM ¢ 3TUM HAXOISTCS pe-
3yJBTaThl  TECTUPOBAHUSI MOJEJM  BHE3arHOM



208

— N
DNIO
A=
SO
SO
SO
OO
T T T T

(93]

—

S

=

=

o
T

260000 [

INEABKO u ap.

10000

0 20000 40000 60000

80000

|
140000 160000
Bpewmsi, roabl

|
100000 120000

Puc. 4. BaiiecoBckast KOHTypHasi fMarpamma (CKaiijiaifH), TOCTpOeHHasl ISl BRIOOPKM TTOCIIe0BaTEeIbHOCTEM KOHTPOJIHMPYIO-
wero pernoHa MTAHK amypckoro oceTpa u orpaxarouias usMeHeHue noxkasarens NgeT (nmpousseneHus 3G@MEKTUBHON Yuc-
JIEHHOCTHU CaMOK B ITOITYJISILIUM Ha TIPOJOJIKUTEIbHOCTD IMTOKOJIEHUS, IIIKajla OpAMHAT) BO BpeMeHH (1kasa aberucce). Cruion-
Hasi IMHUS — MeiaHa, a 3aTeMHEHHBI y9acTOK — 95%-HbIil MHTEepBaJl HAMBBICIIEH alTOCTEPUOPHOI TUTOTHOCTHU pacripesesie-
HMS OLEHOK NokKa3ares NeeT. JINMHHBIA 1 KOPOTKUN MYHKTUP — MEIUaHHbIE TMHUU, IOJy4EHHbIE, COOTBETCTBEHHO, 111 BG

¥ SM rariorpymnii B OTAeJIbHOCTH.

cTyneHYaroir meMmorpadgudyeckor skcmaHcuu [27]
npu paccMoTpeHnr BG u SM ramiorpyrmn B OTAe)Ib-
HocTU. B paMKax naHHoOI Mozaean yucieHHocTh BG-
raruIoTpyMITbl, BhIpaxkeHHasl Yyepe3 TMOonyJIsiliMOHHBIN
mapameTp 6, B HemaBHeM TiponnioM (t = 1.7) yBenn-
yuachk ¢ 2 10 3560. B caydyae SM-rariorpyrmsl pac-
YeThl MOKA3bIBAIOT, YTO MOAOOHBIA POCT YUCICHHO-
CTU OBLT MEHEE MAaCIITAOHBIM (B eAMHUILIAX O YMCIIeH-
HOCTb yBeauumiack ¢ 0 1o 34) U mpoucxomausl OH
HamHoro panbie (Tt = 13). OgHako B ciydae pac-
CMOTpPEHHUSI CyMMapHOU BBIOOPKW HaHHash MOEb
oKaszaJlaCb HeCcoCTosiTeJibHa 1 Oblla OTBEprHyTa Ha
BbICOKOM (P = 0.002) ypoBHE 3HAUUMOCTH.

JIBa moaxona K aHanu3y kKoanecueHuuu MtIHK-
rarIoTUIOB (MaKCUMaJILHOTO TIpaBAoIoaooust [28]
1 OaitecoBckuid [29]) mpuBesU MPAKTUYECKU K OJ-
HUM M TE€M K€ 3HaYeHMUSIM OCHOBHBIX ITapaMeTpOB
MOMAEAM BKCHOHEHIMAJIbHOTO pPOCTa YMCJICHHOCTU
(tabmuua). Ilpu 3TOM maHHas MOHEdb OKazajlach
paBOMEpHA HE3aBUCUMO OT BapMAaHTOB I'PYIIIAPO-
BaHMS 00pa3IIOB aMypPCKOI'O OCETPa — W IIPU UCIIOJIb-
30BaHUM METOJAa MaKCHMMAJIbHOTO HpPaBOOIIOA00MS
(3mech TpaHUIIBI JOBEPUTEILHOIO MHTEpBaja ObLIN
OLIEHEHBI C TTOMOIIBIO YTPOSHHOTO CTAHAAPTHOTO OT-
KJIOHEHUS), U B cllydae 0aileCOBCKOTO aHaJIu3a J0Be-
pUTEJIbHbIE MHTEPBaJbl II0Ka3aTejsi CKOPOCTU pocTa
(2) He BKJIIOUa/IX B ce0s1 HyJIeBO€ 3HAaUEeHUE.

Euie onuH Merton ucciaenoBaHus aemorpaduue-
CKOU MCTOPUU MOTYJISILIUM Ha OCHOBE BBIOOPKU HYK-
JIEOTUAHBIX TMOCEN0BaTeIbHOCTEN — MeTo/ OaliecoB-
CKOro cKaiiyaiiHa (0aiileCOBCKOII KOHTYPHOM Iyarpam-
MbI) [32] — BBISIBUJI pe3Koe Bo3pacTaHUe YMCIIEHHOCTH
MOMYJISILUM aMypPCKOTO OceTpa, HadaBllleecs OKOJIO
18—16 thIC. NeT Hazaxn (puc. 4). CkaitnaiiH, MOCTpo-
€HHBIN 1J19 SM-Tarorpymniibl, B 1I€JIOM ITOBTOPWJI
TaKOBOU cymMmMapHoOU Bbioopku. CkaitnaitH BG-ram-
JIOTPYIIIbI OTJIMYAJICS OT CKalJlailHa CYMMapHOW BbI-
0opku Win SM-ramjaorpymnnbl TeEM, YTO €ro Havyajlb-
HbIIi YpOBEHb HaXOAWJICSI B 0OO0JAaCTU 3HAYUTEIBHO
6osee HU3KUX 3HaUeH I N T (16000—21000 mpoTus
57000—61000). HMtoroBoe 3HaueHHE IOKa3aTesst
N T nnsi cyMmMmapHOi BBIOOPKM OKa3ajioCh paBHBIM

617622 (257950—2421752)", a B ciyyae SM u BG

ramiorpymin — 408747 (141145—2218285) u 192255
(111956—353626), COOTBETCTBEHHO.

AHanu3 punoreHeTnyeckux cBsizeit MTAAHK-ramn-
JIOTUITOB aMypPCKOTO OCETpa METOJIOM OObEeIUHEHUS
OMmvKauimx coceneii Ha ocHoBe maTpulibl HKY-au-
CcTaHIMU (puc. 5) mokasaja, 4TO OHU oOpas3yloT ABE
XOPOIILIO BhIpaXX€HHbBIE KJIAAbl, TTOIAepXaHHbIE B 953
(BG) unu 992 (SM) u3 1000 niceBaocinyyaitHbIX pe-
MUK OyTCTpaIia. DTO JIMIIHUKN pa3 MOATBEPXKIACT

* MenuaHa u 95%-HbIil MHTepBal HaWBBICIICH allOCTEPUOPHOM
TUTIOTHOCTH.

TEHETUKA Ttom 51 Ne2 2015
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Puc. 5. BIONJ-gepeBo mt/lHK-rarutorumnor amypckoro ocerpa (SCH1—-73, SCHK), 6enoro ocerpa (A. transmontanus), no-
cTpoeHHoe Ha ocHoBe auctanimii HKY u ykopeHeHHOe ¢ McrnoJib30BaHUEM BHELLHEH rpynibl (A. dabryanus).
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obocHOBaHHOCTH BbIIeaeHMs AByX MTIHK-rammo-
I'PYII 1 KOCBEHHO CBUIIETEIBLCTBYET B TOJIb3Y paliy-
OHAJILHOCTH TIPOBEICHHOTO PACCMOTPEHUS MX TeHe-
THUYECKUX XapaKTePUCTUK MO OTAEeTbHOCTUA. CpemHsIs
HKY-aucranuus mexay BG u SM ramiorpynmnamMmu
coctaBuia 3.4% pa3nmyalommxcsl HYKJICOTHIHBIX
no3uumii. Yncras (HETTO) AUCTAHIIMS MEXIY Tario-
rpynmaMu (3a BBIYETOM pas3AdMii BHYTPU Tarijio-
TPYII) oKa3zajach paBHOM 2.2%. CpenHsIsT 1 HETTO
MUCTAaHIIUM MEXITY TallJIOTUIIAMH aMypPCKOTO 1 6eJ1o-
ro (A. transmontanus) oceTpoB ObLIN B 2.2—2.5 pasza
BbIIe — 7.5 1 5.6% COOTBETCTBEHHO.

Jlo HacTosilIero MOMeHTa B JIUTepaType He uMe-
JIOCh KaKuX-J10b0 JeTajibHbIX TaHHBIX MO U3MEHYM-
BocTH TtociienoBareabHocTet KP MTIIHK amypckoro
oceTpa U3 eCTeCTBEHHBIX YCJIOBUI, HO OBLIM TOCTYII-
HBI pe3yabTaThl ABYX padoTt [37, 38], B KOTOPBIX IIPO-
usBeaeHo MTAHK-reHoTunupoBanue 64 ocobeii
aMypCKOTO OCeTpa, B3SITbIX M3 UYEThIPeX MaTOYHBIX
cran, conepxamuxcs B TocynapcrBeHHoM [lekuH-
CKOM TEXHOJIOTUYECKOM HayYHO-UCCJIeIOBaTE/b-
CKOM ILIEHTpEe TPECHOBOJHOIO PBLIOHOTO XO3sIHCTBa
(r. [lexuH), a TakK:Ke U3 MAaTOYHOTO CTajga B OCETPO-
BOM pbiOopa3BogHOM xo3sicTBe I. YyHuuH (Chong-
Qing). OCHOBY 3THUX CTaJl COCTaBUJIN OCOOU, OTIOB-
JieHHbIe B p. AMyp B 1999—2001 rr. [37, 38]. [To pe3ynb-
TaTaM CEKBEHUPOBAHUS CPaBHUTEIHHO KOPOTKUX (425
1 451 MH) ¥ YacThIO TTepeKPbIBAIOLIMXCS (DparMEHTOB
D-nietin B oHOW M3 3TUX PaOOT BBISABICHO TISITh
[37], a B npyroii — Bocemb rarmiotunosB [38]. BIONJ-
JlepeBo, MPU3BaHHOE MO3UIIMOHUPOBATh 3TU TaIljio-
TUITBI OTHOCUTENbHO MT/I HK -rarmmiotunos u3 HacTo-
diieit paboTbl 1 TOCTPOEHHOE HAa OCHOBE MaTPUIIbI
nuctanuuit HKY, paccuuTaHHBIX 10 oOIIemMy ISt
Bcex pabot yyactky D-niernn miuHoi 330 mH, npen-
cTaByieHO Ha puc. 6. M3 Hero MOXXHO BHIETh, YTO Y
00pas3lioB aMypCKOTo OceTpa M3 KUTAHWCKUX PbIOO-
Pa3BOAHBIX XO3SIWUCTB WASHTU(MUIIMPOBAHO CEMb
mtJIHK-ranmnorumnos, 1ecTs M3 KOTOPBHIX BOILIM B
coctaB BG-ramiorpymniisl (HaliaeHbl y 54 o6pasiioB),
a oIMH — B cocTaB SM-rarutorpymniibl (HatimeH y 10 u3s
12 ocerpoB u3 crama AG2 [37]). Ecim ke kK aTomy
dparmeHTy D-11eTiim 100aBUTE T€ YYaCTKH, KOTOPbBIC
ObLIM CEKBEHUPOBAHBI JIMIIIb B OJHOI U3 3TUX paboT
(4TO B CyMMe€ COCTaBUT (pparMeHT JIMHOU 536 TIH),
TO TOTA TaKWUX TarJOTUIIOB CTAHOBUTCS HE CEMb, a
11 (10 u3 BG-, a oguH — u3 SM-ramorpymmnsr). Ot-
CroZla MOXHO TMPEAIOJIOXUTh, YTO IS 3aKJIaJKU Ma-
TOUYHBIX CTaJ ObLJIO MCMOJb30BAHO IMOTOMCTBO Kak
MUHUMYM 11 pa3auyHBIX caMOK aMypCKOI'0 OCeTpa.
CooTtHoureHne yHuKanbHBIX SM- 1 BG-ranmiotuiion
y 00pa3lioB aMypCKOIro OCeTpa U3 KUTalCKUX PhI0O-
pa3BoaHbIX X03aicTB (1 : 10) pe3ko oTauYanoch OT
TaKOBOro B Hallleit Bbibopke — 19 : 18 (paccuuraHo
10 TOMY Xe€ caMOoMy y4acTKy D-netnu mimuHoi 536
MMH). DTO 03HAYaeT, YTO pa3HOOOpa3ue U/WiIn 4acTo-
Ta SM-TarjioOTUIIOB Y aMypCKOTo oceTpa B KUTaii-
cKoi yactu OacceitHa Amypa (CpenHuii AMyp) Ha-
MHOTI0 HIXe, yeM B HuxkHem AMype, oTKyaa Ipouc-

INEABKO u ap.

XoOuT Hama BbIOOpkKa. CorjlacHO TOYHOMY
Kputepuio Puiliepa, pazindnsl CTAaTUCTUYECKU 3Ha-
quMbl — P = 0.016 (IByCTOpOHHUIT KPUTEPUIA).

OBCYXIEHUE

Jo HacTosIIero MOMeHTa JIMIIb IS IBYX U3 11e-
¢t BUJIOB Acipenseridae, oburawlux B OacceiiHe
Tuxoro okeaHa, 6GbUIO TPOBENEHO UCCIIETOBAHUE U3-
MEHYMBOCTH KOHTpoaupymwiiero pernoHa mMtIHK
Ha TIONYJISIIMOHHOM YPOBHE — y KUTAlCKOTO oceTpa
A. sinensis n3 p. SIHU3bI (MpoaHaIU3UPOBaH (par-
MeHT 419 iH y 106 o6pa3suoB) [39] u Gemoro ocerpa
A. transmontanus u3 pek @paiizep u Koaymous (ripo-
aHaIM3UpoBaH (parMeHT 462 mH y 27 00pa3LoB)
[33]. Ob6a Buma BeoyT B OCHOBHOM IIPOXOIHOI 00pa3
Kn3Hu. KuTtalickuii oceTp paHee ObLI pacIipocTpa-
HeH oT oro-3anaga Kopeiickoro m-oBa u 0-Ba XOH-
CIo Ha ceBepe 10 2KeMuyKHOI peKU Ha 1ore, HO B IO~
CJIeTHUE CTOJIETUSI YMCIICHHOCTD €T0 CUJTbHO YMEHBILIM-
Jlach, U B HacTosIllIee BpeMsl B 3aMETHBIX KOJIMYECTBAX
OH BcTpeyvaeTcs aulilb B p. AH13bI [40]. ObnacThb pac-
MpOoCTpaHEeHUST OSJIOTO OceTpa BKIIIOYAeT B ceOs 3a-
nagHoe nodepexkbe CeBepHOT AMEPUKM OT AJISICKA
Ha ceBepe 10 pek KamndopHun Ha 1ore, U JaHHBIA
BU/, B IJIaHE YMCIIEHHOCTU HAXOOUTCSI B CPABHUTE]Ib-
HO 0JIarOMOJYYHOM COCTOSTHUM [41].

VYpoBens namenunBocty KP MmTIAHK y amypckoro
OCeTpa B LIEJIOM TIPEBBIIIAET TAKOBOM KaK KUTAMUCKO-
ro, Tak 1 0eJIOTO OCETPOB.

lamornnyeckoe pasHooOpa3ue CyMMapHO# BbI-
6opku amypckoro ocetpa (H = 0.976 = 0.009) omry-
TUMO (Zpeer = 2.03, P = 0.023) Bbille, 4eM y KUTai-
ckoro (H = 0.949 + 0.010) [39], 1 mpuMepHO TaKoe
Xe, Kak y 6eioro ocerpa (H = 0.97) [33].

Hyxieotuanoe pasHooGpasue (m = 0,/L, pac-
M GpPOBKY CM. B TabIMIIe) KOHTPOJHUPYIOILIETO peTr-
oHa MTJIHK B cymmapHOii BBIOOpPKE aMypcKOIo
ocerpa (m = 0.019 = 0.010) BrILIIE, YEM Y KUTAICKOTO
(r=0.011 £ 0.006) [39] umu 6enoro (1w = 0.012) [33]
OCETpOB.

OLIEHKY TaIUTIOTUITMYECKOTO U HYKJIEOTUIHOTO pa3-
HOOOpa3ms1, pacCuMTaHHBIE OTAEIBLHO It SM-raruio-
rpyrmsl (H = 0.985 £ 0.008, t = 0.012 + 0.006), Ha-
XOOSTCSI Ha YPOBHE MAKCUMAJbHBIX OLIEHOK, MOJIY-
YEeHHBIX IS CyMMapHBIX BBIOOPOK KMTAMCKOTO WU
0eJIOro OCeTpoB.

O6a noka3zaTes 3aMeTHO Hike B BG-rarutorpyr-
ne — H=0.938 £ 0.024, 1 = 0.004 £ 0.002. YpoBeHb
raruioTUINMYECKOro pa3HOOOpa3usl B Heil IpUMeEpPHO
TaKoOM Xe, KaK y KuTalickoro ocerpa. OmHako, ecim
HUM3KUI ero ypoBeHb B BG-ramjorpymnmne o0ycjioB-
JIeH, KaK YKa3aHO BbIIlI€, UCKIIOUUTEbHO 3KClIeC-
COM 4aCTOThI omHOTO 13 ramtoturioB (SCH34), to y
KUTACKOTO oceTpa ApYyrMMU IMIpUYMHAMU — COIJIac-
Ho pesyiabrataM Tecta FOBeHca—Botrepcena [17, 18]
(HalM pacueTsbl Mo JAHHBIM U3 padboTkI [39]), yacToT-
Hblli criekTp MTIHK rarmoturnioB y Kurtaiickoro

TEHETUKA Ne 2

ToM 51 2015



L

SCH65

SCH60

SCH57

SEHS:

M3MEHYMBOCTb MUTOXOHIPUAJTBHOM THK

SCHS3

Puc. 6. BIONJ-gepeBo mt/lHK-rammotumnoB aMypckoro oceTpa, BbISIBIEHHBIX B HacTosieit padore (SCH1-73, SCHK), a
TakKe rarsioTUIOB, 0OHAPYKEHHBIX Y 0C00€il 3TOro BUIa, COAEPXKAIMXCSl B KUTACKUX PhIOOPa3BOAHBIX X03s1iicTBaX (AS1—5

SM

[37] u S1-8 [38]).
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oceTpa HaXOOWTCS B COOTBETCTBUM C OXKMUIAeMBIM
(EW=10.061, P=0.469). B nocinemHem ciaydae HU3KOE
3HaYeHNe H MOXeT ObITh BEI3BAHO OTMEYEHHBIM BBIIIIC
MMaJicHEM YMCIICHHOCTH KUTAMCKOTO OCETPa, TIOCKOIIb-
KY XOPOIIIO M3BECTHO, YTO CHWXXEHME TaruIOTHUITNYC-
ckoro pasHooOpaszust MTIAHK B Takue mnepuoabl —
oxXujgaeMoe sIBjieHne (CM., K mpumepy, [42, 43]).

I[MpruuHBl HAGIIOIAEMOro y aMypCcKOIro oceTpa
sKciecca yactorsl rarutoturnia SCH34 He gcHBL. D10
MOXKET OBbITh Pe3yJIbTaTOM JIeiCTBUS €CTECTBEHHOIO
oTbopa, reHeTUYEeCKOoro apeida uin KakKux-To Jpy-
rux daktopoB. K mociegHuM MOXHO OTHECTU U XO-
3IMCTBEHHYIO AeSITECIbHOCTh YeI0BeKa, KOoTopas, Ha
HaIll B3TJISIIT, MOTJIa CKa3aThCsl Ha TEHETUYECKOM CO-
cTaBe MOIYJISILAY aMyPCKOTO OCeTpa.

B 80-x romax B Oacceiine BepxHero u CpenHero
Amypa (Bbiire I XabapoBCK) aMypCKUIA OCETp CTall
HAaCTOJIBKO PeloK, YTO ObLIM Pa3BepHYThI PaOOTHI IO
€ro MpOMBIIILIEHHOMY MCKYCCTBEHHOMY BOCITPOM3-
BOJCTBY. B 3aMeTHBIX KOJIMYECTBAaX BBIMYCK MCKYC-
CTBEHHO BBIBEJICHHBIX TUYMHOK U MOJIOAU aMypPCKMX
OCETPOBBIX Havajcs ¢ 1988 1., Korma onuH U3 KUTaii-
CKUX pbIOOpa3BomHbIX 3aBogoB (Qindeli state farm,
Tongjiang, Jiamusi) mpoun3Bell BBITYCK B p. AMyp HO-
psnoka 100 TeICc. TMYMHOK aMmypckoro ocerpa [8]. Ume-
IOTCS1 JAHHBIE O TOM, UTO 3a MOCJIEIYIOLIME TPU rofia €
3TOrO 3aBoja B p. AMYp O0bLJ10 BhIITy1IeHO 900 ThIC. JTN-
YUHOK U 168 ThIC. 3K3. ITOAPOIIEHHON MOJIOAN aMyp-
ckoro ocerpa [44], a k 1995 . cymmapHo — 3600 ThIC.
JIMIMHOK [8]. Mor 111 BBIIYCK TAKOM, ICKYCCTBEHHO BbI-
PpallleHHOM, MOJIOY TIPUBECTU K POCTY BCTPEUAEMOCTH Y
aMypckoro oceTpa rarutotuita SCH34?

Kak ykazaHo BblIllIe, MpoaHaJTU3uPOBaHHbIE HAMU
0co0M aMypCKOI'o OoceTpa MOTYT OBITh pa30MTHI Ha
JIBa pa3MEpHBIX Kjlacca — C JJIMHOM TeJla MeHee U 00-
nee 100 cm. OCHOBBIBAsICh Ha M3BECTHBIX 3aKOHO-
MEPHOCTSIX JUHEWHOTro pocTa aMypCKOTO oceTpa U3
Huxnero Amypa [45], cpegHuii Bo3pacT ocobOeii B
MEPBOM TPYIIIIe MOXKHO IIPUHATH paBHBIM 7—8 (lim =
= 2—14) rogam, a Bo BTopoit — 25—26 (lim = 14—37)
rogaMm. Torga MOXHO TPEANONOXUTb, YTO OCETPhI U3
IIepBOI IPpyHITbl poAWIMCH B ocCHOBHOM B 2001—2003 I,
a u3 BTopoit — B 1983—1985 rr.

Bcerpeuaemocts rarmorurnia SCH34 B atux aByx
rpynnax cocrasuia 0.152 (y matu u3 33 ocobeii) B
nepBoit u 0.139 (y 11 u3 79 ocobeii) Bo Bropoii. Co-
IJIAaCHO TOYHOMY Kpurtepuio duimepa, Tpymnmbel 110
JTaHHOMY Ipu3HaKy omHopomHsl (P = 1.00). To ecTs,
IPYTUMU CJIOBaMU, B TIOKOJICHUSIX aMyPCKOTO OCeT-
pa, POAUBIIIMXCS A0 Pa3BePTHIBAHUS YKa3aHHBIX PhI-
Oopa3BOJHBIX paboT, yactoTa rarmuiotuna SCH34
MPUMEPHO Takasl Xe, KaK Yy OCEeTPOB, POAUBIIMXCS
mociie. Ha mepBEIii B3IJISII, 3TO MOXKHO pPaclieHUBATh
KaK CBHUIETEIBCTBO TOTO, YTO SKCIIECC YaCTOTHI rall-
noturta SCH34 y amypckoro ocerpa HUKOMM O0pa-
30M He CBSI3aH ¢ HavyaBImmMmucs B 80-x rogax padoTa-
MM TI0 €70 MCKYCCTBEHHOMY BOCITPOM3BOJICTBY.

OOHAKO KapTMHA CTAHOBUTCS HECKOJIBKO WHOMM,
€CJIM pacCMOTPETh I'PYIINY KPYMHBIX 0coOeil OoJjee
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noapooHo. Cpenu 19 ocobeli ¢ mIMHOM Tesla Oojiee
150 cm (poauBILIMXCS, TTO HAIIIUM pacyeTaM, B OCHOB-
HoM 10 1980 r) nmuiub onuH obpaser (AC = 162 cm)
umen rammorun SCH34. B 1o Xe Bpems cpeau
60 oco0eii ¢ wmHoit Tena 6osee 100, Ho MeHee 150 cMm
(pomuBIIMXCS, IO HAIIMM pacdyeTaM, B OCHOBHOM
nocyie 1987 ) maHHBIN TaIUIOTUII HAlIeH Y OeCATUA
ocooOeii. To ecTh ero yacToTa B epBOM IpyIIIie OKa3a-
Jlach B TPHM pa3a MeHblle, yeM Bo BTopoii, — 0.053
npotus 0.167. Paznuuune 3TUX IPYIII IO BCTPEYaeMo-
ctu ramtoturia SCH34 cratuctudecku He cCylle-
ctBeHHO (P = 0.280, TouHBIli KpuTepuii duiiepa).
OmHako Hallla BEIOOpKa 0co0eil ¢ IIMHO Tejia 6oee
150 cM He cTONb BeMMKa, KaK XOTEJIOCh OBI, M €CIIN
MIpU yBEJIMUYCHUM €€ pasMmepa, K npuMepy B 4 pasa,
yactota rarioturnia SCH34 B Hell coxpaHUTCS, TO B
3TOM cJiyyae TOYHBIN Kputepuii Puiiepa OyneT mo-
Ka3bIBaTh 3HAUMMOCTb 3TUX pasiauuuii (P <0.045, ec-
JI B BBIOOpKE 13 76 0cobeiil He bojiee YyeThIpex OyayT
Hectu raruiotunt SCH34). [TosTomy, Ha HaIIl B3TJISI,
0oJiee WJIM MEeHee OKOHYATEIbHBIMA OTBET Ha MOCTaB-
JICHHBIIA BOIIPOC O INpUYMHAX HAOIIOMAIOIIErocs Y
aMypCKOTO OcCeTpa 3Kcllecca 4YacTOThl TraruioTvra
SCH34 MoxXeT ObITh 1aH TOJBKO IOCJIe UCCIeIoBa-
HUSI JONOJHUTEIIBFHOTO MaTepuaia U IIPeXae BCEro
ocobeit, poguBiImnxcs panee 1980

Huszkoe HykJeoTugHoe pasHooOpaszue BG
MTIHK-ranioTunos roBoput 006 WX 3BOJTIIOIIMOHHON
mosonocTu. Bee cymecTByoliee pazHooopasue BG-
TaruIoTPyMIibl CJIOXUIOCH, TTIO-BUAVMOMY, B CPaBHU-
TeJIbHO HeJlaBHee BpeMsl, KOria MIPOMCXOINI UHTEH-
CHUBHBIU POCT €€ YUCJAEHHOCTH (B I0JIb3Y MOCIEIHETO
CBUIETEJILCTBYIOT PE3YyJbTaThbl TeCTOB TamXKUMBI U
Kennu, 3HaueHus1 mokaszateneit SSD u g, a Takxke
cKalijaiiH). BTOT POCT MOXET OTpaXkaTb BOCCTAHOB-
JIEeHUE TOIYJISIIUM aMypCKOTO oceTpa MocJje ee mpo-
XOXKIEeHMs yepe3 “OyThLIOYHOE TOPJIbIIIKO”, TIOAX0-
JSIIME YCIOBUS IS KOTOPOTO MOTIJIM CYIIECTBOBATh
BO BpeMsl TIOCJEIHEro JIEIHUKOBOIO MaKCUMyMa
(Last Glacial Maximum) — 26—19 Teic. ieT Ha3az. [1o
KpaliHell Mepe, 0 HaIlluM pacuyetam (puc. 4), pocT
yucieHHocTu BG-ramiorpynmbsl Hayajcs TMOYTHU
cpasy Xe Mo OKOHYaHWU 3TOTo Nepuoaa — MpUMepHO
18—16 TBIC. TET Ha3am.

YucneHHOCTh SM-rariorpynrbsl B HeJaBHEM
MpOLIJIOM TaKXe YBEJIMYUBaJachb, XOTSI U HE TakK
OBICTPO, KaK ynuciaeHHOcTb BG-rammorpynmel. Poct
YHUCIEHHOCTH SM-TarIorpyniibl TakKske MOXHO WH-
TepIPETUPOBATh KaK BOCCTAHOBMTEIBHBIM ITOCIIE
OKOHYaHUS TIeproJa MPOXOXKACHUS TTOMYJISILIUN Ye-
pe3 “OyThII0YHOE ropibiKko”. Hayano 3toro pocra o
BpEeMeHU MPaKTUUECKU MOJHOCThIO COBITAJIO C HAYaJIOM
pocra yncieHHocty BG-ramnorpyniisl (puc. 4).

CaMmo HaJluyuMe B COCTaB€ MUTOXOHIPUAIBLHOTO
TEHHOTO TIyJla aMypCKOTO oceTpa He OAHOH (Kak
MOXHO ObLIO Obl OXUAATh Y BUIA, apeajl KOTOPOTo
OrpaHWYEH €IMHCTBEHHBIM PEUHBbIM OacceiiHoMm), a
nByx MtAHK-ramrorpymm TpeOyeT oOOBSICHEHMSI.
OHO, B IIpUHIINTIE, MOXKET OBITH CPABHUTEIBHO IIPO-
cThIM. 7151 3TOro rnorpedyercs 10NyCTUTh, YTO TTOMY-
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JISIIUST aMypCKOTO OCETpa MMeEJa BBICOKYIO YMCIICH-
HOCTBh, KOTOpasl OcTaBaJiach 00Jiee Wi MeHee CTa0WJIb-
HOU Ha TIPOTSLKEHWM CPaBHUTEJIBHO JTUTEIBHOIO
(mopsinka 2N, u 0Gojiee MOKOJIEHUI) MPOMEXyTKa
BpeMeHHU. TeopeTudeck B BEIOOPKE ajieieil U3 mo-
OyJISIIUA, B KOTOPOM Ipelip TeHOB MPOMCXOAUT CO-
JIacHO HelTpalibHOU Moaenu Paiita—®uiepa (cra-
OMIbHAS YMCIEHHOCTh, MAHMUKCHSI, HETIEpEKPhIBa-
IOILIMECs TIOKOJIEHUsI U J1Ip.), TPUMEPHO II0JIOBMHA
BpPEMEHHN, HEOOXOMMOTO JIJTSI UX KOAJECLIEHIIMU, OyaeT
MPUXOOUTHCS HA KOAJIECIICHIIUIO MOCIEIHEN TTaphl ajl-
Jgeneil. B Takux ycJIOBUSIX M IIpU COOTBETCTBYIOILEH
cKopocTu MyTupoBaHuMsi ¢opmupoBanue MTIHK-
KJIaJI, BRI3BIBAIOIINX O - MU MYJIETUMOIAIbHOE pac-
npeneaeHre MoNnapHbIX HYKJI€OTUAHBIX Pa3JIuduil, —
BIIOJTHE OXUAaeMblil pe3yasrar [46, 47]. K ToMy ke
M3BECTHO, UYTO CTEIIEHb BBIPAXXEHHOCTU TaKMX Kjaj
JIVIITb BO3pPACTAET, €CIU HE3aM0JTO 1O MOMEHTA aHa-
J3a Takasl, paHee YMCJICHHO CTaOMJIbHAasl, MOMYJIs-
U IIPOXOIUT Yepe3 YMepeHHOe “OyThIJIOYHOE Top-
aeImko” [48].

YKaxeM Ha TO, 4TO B CJIyyae C aMypCKHUM OCETPOM
ycJIOBUE€ MAaHMUKCUU, BEPOSITHO, HE COOJIOmaeTcs,
MOCKOJIbKY MMEIOTCSI KOCBEHHbIE MPU3HAKKU, CBUJIE-
TEJIbCTBYIOIIUE O €ro MOMYJSAIIMOHHOU HEOTHOPO/I -
HOCTH. DTO, TIPEKIE BCETO, TO, UTO 00IIIee CHIKEHUE
YHUCJIEHHOCTU aMypPCKOTO OceTpa B pa3HbIX 4YacTsX
AMypa TpOUCXOUIIO TTIO-pa3HoMY, U eciii B CpeiHEM
AMype B HacTosiIIee BpeMsl aMypPCKUIA OceTp MpaKTH-
yecku ucyes, To B HuxkHem AMype ero YuciieHHOCTh
BCe ellle OCTaeTCsI JOCTATOUYHO BhICOKOM [49]. ITpu-
MeyaTesIbHO, YTO UCXOJHO YMCIEHHOCTh aMypPCKOIO
oceTpa B CpenHeM AMype PpUMEPHO B 2 pa3a IpeBbI-
mana TakoByto B HuxkHem Amype [7]. dpyrum npu-
3HAKOM MOXET ObITh HaMeualollleecsl pasjinyve B
npenctaBieHHocTy MTIHK -rarmrorpymnmn y amypcko-
ro ocerpa u3 Cpennero u Hmxnero Amypa (CM. BBI-
me). K coxaneHuio, OlleHUTh CTeTIeHb 3Tol nudde-
peHLIMauy rmoka (0e3 aHaau3a BEIOOpoK u3 CpegHe-
ro AMypa) He TIpeJCTaBIsSIeTCS BO3MOXHBIM.

OnmHako Jaxe HaJIMUME Y aMypCcKOTO oceTpa He-
KOM TeKyllel MOMmyJsSILUOHHON CTPYKTYPUPOBAHHO-
CTHU BPpsAd JIN MOXKET paCCMaTpMUBATbHCA KaK Cepb63HbIﬁ
apryMeHT ITPOTUB BBIIICU3JIOKEHHOIO OOBSICHEHUS,
TaK KakK €€ MOIJIO He OBITh B IIPOIIUIOM ILUIIOC B Mac-
mrade BpeMEHM, COCTABISIIOIIEM THICSIYM TTOKOJICHMIA,
JIaxe reorpadguyuecku pasfeieHHbIE MOITYJISILUN, IpU
ompee/IeHHBIX CKOPOCTSIX OOMeHAa MUTPaHTaAMU, MOTYT
BECTH ce0s1 Kak eanHoe mnemnoe [47, 50].

Hpyroe meno, 4To He TOJIBKO caMO ITOSBICHUE
aByx MTJHK-rammorpynn, HO M uX pa3audus B
CTPYKTYpe U IMHAMUKE pa3HOooOpa3us (CM. TabIuIy
U PUCYHKU) C ITUX NO3ULIMNA TPAKTYIOTCS KakK CIIy-
yaifHO BO3HUKIIME. [To3TOMYy MOXHO B Ka4eCTBE ajlb-
TEPHATUBbI BBIABUHYTb APYroe OObSICHEHUE IIPUCYT-
CTBUSI B COCTaB€ MUTOXOHAPUAIBHOTO T'€HHOIO MyJja
aMypckoro ocerpa AByx pasamdHbix MtTJIHK-rario-
rpyrm. A mMmeHHO, 9yTo BG- m SM-rarurorpyriist
chopmupoBamuch B Treorpadmyecky M30JIMPOBaAH-
HBIX U, BO3MOXKHO, 9KOJIOTUYECKU PA3TUYHBIX MOITy-
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JIILISIX aMypPCKOTO OCeTpa U JINIIb B CPAaBHUTEIBLHO
HeJaBHee BpeMsl 0 KAKMM-TO TIPUYMHAM OKa3aJUCh
BMECTE B ITOIMYJISILIMU, PACITPOCTPAHEHHOM HBIHE UC-
KJIIOYUTEJIbHO B OacceiftHe p. AMyp.

KocBeHHO Ha 3TO yKa3bIBaeT HEOOBIYHO BBICOKOE
HykJIeoTuaHoe pazHoobOpa3ue KP Mmt/IHK B cymmap-
HoI1 BBIOOpKe aMypckoro ocetpa (m = 0.019 £ 0.010).
OHO BEJIMKO HE TOJIBKO IIPU CPAaBHEHUM C TAKOBBIM Y
JIPYTUX BUIOB TUXOOKEAHCKUX OCETPOB, HO W MpU
CpaBHEHUHM C YPOBHEM M3MEeHUYMBOCTU D-T1eT/in, Ha-
OJromaoIIMMCH, K IIPUMEpPY, B CyMMapHOi BBIOOPKE
00pa3LoB cuOUpPCcKoro ocetpa A. baerii U3 6acceiiHOB
pek O0b, Enuceii, Jlena u o3. batikan (m = 0.010 =
+ 0.006, paccuuTaHo Mo JAaHHBIM [51]) uau B cym-
MapHBIX BBIOOpPKAaX KOPOTKOPBUIOTO A. brevirostrum
(r =0.011 £ 0.006, paccunTaHO IO AAHHBIM [52]) 1
atanTudeckoro (n = 0.011 = 0.007, paccuuraHo 1o
JaHHBIM [53]) oceTpoB U3 pa3IUYHBIX JTOKAJIUTETOB,
IHINPOKO PA3HECCHHBLIX ITO BCEMY aTIaHTUYCCKOMY
nobepexbio CeBepHOI AMEPUKMN.

TTo ypoBHIO HYKJICOTMITHOTO pa3HooOpa3ust D-met-
JIM aMypCKUi1 oceTp comxkaercs ¢ 6enyroit Huso hu-
so, ceBproroii A. stellatus M pPycCKUM OCETPOM
A. gueldenstaedtii, cymMmapHbIie BbIOOPKU KOTOPBIX U3
OacceitHoB YepHoro, AszoBckoro m Kacnmiickoro
MOpe XapaKTepU3YIOTCsl KpaliHe BLICOKUM YPOBHEM
n3meHunBoct KP MTIHK — w1 =0.022 £ 0.011, = =
=0.018 £0.009 1 ®=0.037 £ 0.019 cOOTBETCTBEHHO
[54]. TTonaraloT, 4TO CTOJIb BBICOKOE HYKJICOTUIHOE
pa3HooOpa3ue KP MmtIHK MoxXeT curHaau3npoBaTh
O CYIIECTBOBAHUHU Y 3TUX OCETPOB OTIEIbHBIX, MOP-
doJIorTnYecKU TPYAHO pa3IMUYMMBIX IOyt [ 54].
B c¢BSI31 ¢ 3TUM CTOMT TaKXKe yKa3aTh Ha TO, 4TO pa-
Hee, Ha OCHOBAaHMHU PACCMOTPEHUSI BHEITHEMOP(PO-
JIOTUYECKUX ITPU3HAKOB, K&)K)lblﬁ N3 9TUX BUOOB pa3-
JIeJISIV Ha TIOABUABI WU AaXKe pa30MBajIy Ha OTIE/Ib-
HBIEC BUIBI.

ITosTOMY OIMH M3 CaMbIX BLICOKMX CPEJIN OCETPOB
YPOBHEN HYKJICOTHIHOTO pazHooOpaszuss KP MT/IHK
MOXKET, Ha Halll B3IJISII, pacCCMaTpUBAaThCs KaK KOC-
BEHHBIII TPU3HAK CYIIECTBOBAHUS y aMypCKOIo
oceTpa B IPOIIJIOM IBYX WU 00Jiee OTAEIbHbIX ITOMY-
Jsumii. PacripocTpaHeHne ceMU U3 BOChbMM OOMUTar0-
miux B 0acceitHe Tuxoro okeaHa BUAOB OceTpoobOpas-
HBIX MPUYPOYEHO K KPYITHBIM PEYHBIM OacceilHam
[55]. Ceituac B 6acceiine OXoTcKoro uin AmoHCcKoOro
MOpE HET OPYTUX PeK, COMOCTABUMBIX MO IUIOIIAAN
C p. AMyp, U, ClIeIOBaTeIbHO, TTIPUTOIHBIX 11 OOUTA~
HUSI B HUX aMypcKoro ocetpa. OaHakKo He UCKITIoUe-
HO, UTO TaKasl peyHasi CHCTeMa MOTJia CylleCTBOBATh
B IIPOIIUIOM [56].

Paznyro nmpencrasieHHocTh AByx MTAHK-rammo-
TpyII y amypckoro ocetpa u3 CpenHero u Hukxero
AMypa B TakKOM cCjIydyae MOXHO MHTEpPHpPETUPOBATh
KaK OTpaxXeH’E CpaBHUTEJILHO HemaBHEro (MeHee
18—16 THIC. JIeT Ha3ad) MAaCCUPOBAHHOTO BTOPKEHUS
B T€HHBII MTyJ1 ADOPUTEHHOM MOITYJISILIUN aMypPCKOTO
oceTpa, U3HAYAJIbHO MMEBIIEl, K MpUMepy, JUIIb
BG-raniotuiisl, rarjioTUNOB U3 APYroil, K HaCTOsI-
IIeMy MOMEHTY YK€ BbIMepIlei (MJIX IOTJIOIEHHOM’
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nepBoii), ero nonyJsinuu. ITpu aTom pacrpocTpaHe-
Hue “gyxux” (SM B JaHHOM BapuaHTe) rarjioTUIIOB
MOIJIO OKa3aThCsl OTpaHUYEHHBIM B OCHOBHOM Huk-
HUM AMYpPOM.

Ecnu Ttakast otnesnibHasi (pacrpocTpaHEeHHas BHE
bacceliHa p. AMyp) NOIMyJISILMS paHee CyllleCTBOBasIa,
TO €, CKOpee BCero, ObLI CBOMCTBEH IMTPOXOAHOMI 00-
pa3 >ku3HU. ENMHUYHbBIE HAXOAKW OCOOE aMypCKOTO
oceTpa BHe OacceiiHa AMypa, B YCJIIOBUSIX ITOJTHOM
MOPCKOM COJICHOCTM — Ha 0-Be XOKKaiimo [6] u B
VnbpbaHcKOM 3aiuBe (HacTos1as padbota — oopasell ¢
raroturioM SCHY7), yka3pIBalOT Ha TO, YTO CTanUs
Haryja B MOPCKHMX BOJax B MPOIILJIOM MoOIJIa ObITb
OOBIYHOM IJIs1 )KU3HEHHOTO 1MKJIa aMypPCKOTO OCeT-
pa. DTO CTaHOBUTCS ellle OoJjiee BEpOSITHBIM, €CIIH
YYECTh, YTO OJIVKANIITNI CECTPUHCKHUN K aMypPCKOMY
oceTpy BUI — OeIblii oceTp — BeleT B OCHOBHOM aHa-
JIPOMHBIN 00pa3 >ku3HU. MoXKeT ObITh, UMEHHO pa3-
JINYUST B OKOJIOTMM 3TUX MOMYJSLUN U TPUBEJIN K
pa3IUYusIM B CTPYKTYpE U JUHAMUKE pa3HOOOpas3usi
BG u SM rarutorpyiii.

Takoe oOBsSICHEHME cOCTaBa M JIPYIMX CBOIICTB
HBIHEIIHETO MUWTOXOHJPUAIBHOTO TE€HHOro MyJja
aMypCKOTO OceTpa — Kak pe3yJibraTa CMEIIEHUS €ro
paHee CaMOCTOSITeJIbHBIX MOIYJSIUUNA — BBITJISIANT,
Ha Halll B3IJISIA, JOBOJIbHO IpaBaonogo6Ho. TeMm He
MeHee MpeAIoYTeHUE ero ajikTepHaTMBHOMY, pac-
CcMaTpuBaloOlleMy BbISIBJIEHHYIO KAapTUHY KakK pe3yJibTaT
COBMECTHOTO JIeCTBUS Apeiiha TeHOB U MyTUPOBAHMS
B YCJIOBUSIX OTHOM OOJIBIIION M YMCIICHHO CTaOMJILHOM
MOITYJIALUM, 0e3 MpOoBeIeHUs TOMOJIHUTEIbHBIX MC-
clieloBaHUil (TIpexie BCero — aHaju3a BbIOOPOK U3
JIpyTUX 4YacTeil OacceiiHa AMypa U TeHETUYECKOTrO
TUITMPOBAHMS TaK Ha3bIBaeMBbIX “KOPUYHEBOU U ce-
poii mopd” [7] aMypcKOTO OceTpa) IIPeacTaBIIsIeTCs
MOKa MPEeXIeBPEMEHHbBIM.

B 3aBepiiieHre Mbl TTOMBITATUCH COMTOCTABUTD TE-
KYIIIY10 YUCIIEHHOCTbh aMyPCKOTO OCETpa C 10JITOBPE-
MEHHBIM 3(D(PEKTUBHBIM pa3MepPOM €ro MonyJisiuu,
WUCXOJsI U3 JaHHBIX, KACaIOIIMXCSI CAMOK.

CoracHo mocienHeit oueHke [49], moaydyeHHOM
Mo pe3yjJbTaTaM BbIOOPOYHOTO ydyeTa amMypCKOro
oceTpa, MPOM3BEAEHHOIO Ha Pa3IMYHBIX ydyacTKax
Cpennero u Huskaero Amypa (MCII0JIb30BajICs METO,
IUIOIIAACH ), O0Ilee YKUCIO MOJOBO3PEIIbIX 0CO0eil B
COBPEMEHHOI TOMYJISILIUM aMypPCKOro OceTpa Co-
ctasisieT okosio 22000 . Toraa, mpy COOTHOIIEHUN
MOJIOB caMKM : caMmubl = 1 : 2 [9, 49], ob1ee ymcio
MOJIOBO3PEJIBIX CAMOK B Hell — okoJjto 7333 mt. Kax-
Jlasi U3 3TUX CAMOK y4acCTBYET B pa3MHOXEHUU OObIY-
HO pa3 B 2—4 roma [4, 7, 9]. Orciona 4uciao caMok,
Y4acTBYIOIIUX B HEPECTE, COCTABJISIET TPUMEPHO
1833—3666 1uT.

Ecnu 3a npoaoKuTeIbHOCTb OJTHOTO TTOKOJICHUS
aMypCKOTO oceTpa MPUHSTh CpeIHUI BO3PaCT MOJI0-
BO3peJibiX caMok (okosio 27 et — [49]), To, cyas 1o
OaifecoBCKOMY cKaiinaiHy (puc. 4), OJOITOBpeMEH-
Has 3(pdeKTuBHAas YMCIEHHOCTh CAMOK B €ro IoIy-
JISLIMM B HETABHEM TIPOIIUIOM cocTaBistia 617622/27 =
= 22874 (9553—89695) 1rt., a okosio 20 THIC. JET Ha-
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3an — 82664/27 = 3602 (1588—6190) mt. Otciona
MOXHO 3aKJIIOYUTh, YTO B COBPEMEHHOM MOMYISLINN
aMypCKOTO OCeTpa YMCJIO YYacCTBYIOIIMX B HepecTe
CaMOK Ha MOpPsITOK MeHblie 3(h(GEKTUBHOTO Yucia
CaMOK B €ro MOMyJIsSIINU, CYIIECTBOBABIIEH B TIpeI-
LIECTBYIOIIUI MIEPUOJ BPpEMEHU, Y IPUMEPHO OTHO-
ro HOpsIIKA C TAKOBBIM BO BpeMsI IIOC/ICIHETO JICTHU -
KOBOTO MaKCHMMyMa, KOTHa ITOMYJISILUs aMypCcKOTo
oceTpa nperepreBana gazy HU3KOM YUCIEHHOCTH.

M3BecTHO, YTO OMCIEepCUs 4rcjia IOTOMKOB —
OIVIH U3 OCHOBHBIX (haKTOPOB, IIPUBOIIIINX K TOMY,
4TO 3 (HEKTUBHBIN pazMep MOMYJISILIAA OKA3bIBAETCS
3aMETHO MEHbIIIe OOIIeil YMCIACHHOCTU PEMpPOIyK-
THUBHO 3HAYMMBIX 0oco0Oeii B monyassuuu [57]. B ciy-
Yyae aMypcKOTo oceTpa 3TOT (pakTop Oe3yCIOBHO Cy-
1LIECTBEH, TaK KaK ero caMKaM CBOMCTBEHHa BbICOKasI
WHIUBUAYAJIbHAS TUIOJOBUTOCTD, P OJHOBPEMEH-
HO JOBOJIbHO IIUPOKOM aMITIUTYAE €€ U3MEHUYUBO-
CTH — OT COTHM ThICSIU IO OoJiee YeM MUJUIMOHA K-
puHOK [7, 44]. TToaToMy 3 (DEKTUBHOE YNCIIO CAMOK
B COBPEMEHHOM MOTMYJISILIUU aMypPCKOI'0 OceTpa, CKO-
pee Bcero, MeHbllle 4ucjia CaMOK, y4aCTBYIOIIUX B
HepecTe. OTCl0a MOXHO YTBEPXKIaTh, YTO HbIHEIII-
HSISI TIOTTYJISILIASI aMyPCKOTO OCETpa €CJIM U He BhIIIIIA
3a HYDKHUM TIpeieNl eCTECTBEHHOTO KOJIeOaHUSs CBOeH
3(pPEeKTUBHOI YMCICHHOCTH, TO HAXOOUTCS Ha Tpa-
HU ero mpeonojeHusi. B ¢BsA3u ¢ 3TUM BKIIIOYCHUE
amypckoro ocetrpa B KpacHpiii crmucok MCOII
(IUCN) B cTaryce BUAa C KpaiiHe BEICOKUM PHUCKOM
BeiMupanuss B mipupone (Critically Endangered)
MIPeACTABISIETCS BITOJIHE OMPaBIAHHBIM.

PabGora BeInoTHEeHA TpU (PUHAHCOBOM MOMICPIKKE
HanbHeBocTouHoro otaesieHuss PAH (rpant Ne 12-1-
1130-04).
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The variability of the mtDNA control region (D-loop) was examined in Amur sturgeon endemic to the Amur
River. This species is also classified as critically endangered by the IUCN Red List of Threatened species. Se-
quencing of 796- to 812-bp fragments of the D-loop in 112 sturgeon collected in the Lower Amur revealed 73
different genotypes. The sample was characterized by a high level of haplotypic (0.976) and nucleotide (0.0194)
diversity. The identified haplotypes split into two well-defined monophyletic groups, BG (n =39) and SM (n = 34),
differing (HKY distance) on average by 3.41% of nucleotide positions upon an average level of intragroup dif-
ferences of 0.54 and 1.23%, respectively. Moreover, the haplotypes of the SM groups differed by the presence of
a 13—14 bp deletion. Most of the samples (66 out of 112) carried BG haplotypes. Overall, the pattern of pairwise
nucleotide differences and the results of neutrality tests, as well as the results of tests for compliance with the
model of sudden demographic expansion or with the model of exponential growth pointed to a past significant
increase in the number of Amur sturgeon, which was most clearly manifested in the analysis of data on the BG
haplogroup. The constructed Bayesian skyline plots showed that this growth began about 18 to 16 thousand years
ago. At present, the effective size of the strongly reduced (due to overharvesting) population of Amur sturgeon
may be equal to or even lower than it was before the beginning of this growth during the Last Glacial Maximum.
The presence in the mitochondrial gene pool of Amur sturgeon of two haplogroups, their unequal evolutionary
dynamics, and, judging by scanty data, their unequal representation in the Russian and Chinese parts of the
Amur River basin point to the possible existence of at least two distinct populations of Amur sturgeon in the past.

English translation of paper is published in “Russian J. Genetics” (2015, vol. 51, no. 2), www.maik.ru.
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