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Abstract—In 41 individuals of South Asian Dolly Varden char Salvelinus curilus, nucleotide sequences of
tRNA-Pro gene fragment (27 bp) and mtDNA control region (483-484 bp) were analyzed. The fish were col-
lected in 20 localities covering virtually the whole range of the species: Kuril Islands, Sakhalin Island, and Pri-
morye. In addition, six individuals of three other char species (S. albus, S. malma, and S. leucomaenis), which
are closely related to S. curilus and inhabit the Russian Far East, were examined. In all, we detected 12 different
variants of mtDNA haplotypes that formed three distinct groups differing in 14-20 nucleotide positions. The
first group consisted of six haplotypes found in S. curilus in Kuril Islands, Sakhalin, and Primorye (mtDNA
phylogroup OKHOTSKIA). The second group comprised four haplotypes representing the mtDNA phylogroup
BERING, which had been described earlier (Brunner et al, 2001); they were found in S. curilus in Kuril Islands
and Sakhalin, as well as in S. albus and S. malma in Kamchatka and northern Kurils. The third group included
two haplotypes detected in S. leucomaenis. The existence of two mtDNA lineages (OKHOTSKIA and BER-
ING) in S. curilus from Kurils and Sakhalin was explained by hybridization and mtDNA transfer from S. malma
to S. curilus. The absence of the BERING haplotypes in S. curilus from Primorye water reservoirs is related to
the physical isolation of the Sea of Okhotsk and Sea of Japan basins in past epochs. On the basis of comparing
phylogenetic trees, constructed from the data on allozyme and mtDNA variation, we suggest that in this case,

a mediated transfer of mtDNA in Alpinoid chars — S. malma — S. curilus chain could occur.

DOI: 10.1134/S1022795407020111

INTRODUCTION

South Asian Dolly Varden char Salvelinus curilus
Pallas, 1814 was described by P.S. Pallas under the
name of Salmo curilus on the basis of analysis of by
several char individuals from Kuril Island streams. This
char form has recently received the rank of species,
with junior synonyms of its name Salmo laevigatus Pal-
las, 1814; Salmo fariopsis Kner, 1870; and S. malma
krascheninnikovi Taranetz, 1933 (see [1-5]. As most
char species from the genus Salvelinus, South Asian
Dolly Varden char exhibits high morphological vari-
ability and has both anadromous and strictly freshwater
(resident) ecotypes, the proportion of which in the pop-
ulations varies depending on their geographic position
and other abiotic factors. The range of S. curilus covers
Shantar and Kuril Islands, Sakhalin, Hokkaido, the
continental coast from the Amur River mouth to North
Korean rivers, and some water bodies of the Ussuri
River, Khanka Lake, and the Yalu River basins. South
Asian Dolly Varden char is assigned to the morpholog-
ically similar malmoid species group of chars from the
genus Salvelinus, which includes, in addition to S. curi-
lus, typical Dolly Varden char S. malma Walbaum,
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1792; South American Dolly Varden char S. lordii
Glinther, 1866; white char S. albus Glubokovsky, 1977;
long-headed char S. kronocius Viktorovsky, 1978, and
other char species related to Dolly Varden (see [1]).
Malmoid chars are widely spread in the South Pacific,
where they dominate over the members of Alpinoid
Salvelinus char group, which in this region is rather
infrequent. The latter group is taxonomically and eco-
logically highly variable in the water bodies of the Arctic
Ocean basin and includes Arctic char S. alpinus L.,
Taranetz char S. taranetzi Kaganowsky, 1955; S. oquassa
Girard, 1854; and other species close to S. alpinus.

Earlier, in analysis of samples of South Asian Dolly
Varden from Primorye rivers, Sakhalin, Kuril Islands,
and Dolly Varden from Kamchatka, two distinct lin-
eages of mitochondrial DNA (mtDNA) were found [6].
Only one of these lineages (Primorye variants) was
detected in the S. curilus samples from Primorye. The
other mtDNA lineage (Kamchatka variants) was found
in Dolly Varden char S. malma and white char S. albus
from the Kamchatka River basin (Kamchatka Penin-
sula). Both lineages were present in some S. curilus
samples from the rivers of southern Sakhalin and South
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Fig. 1. Schematic map of the sampling localities (see Table 1 and text for sample designations).

Kurils. Other authors, after revising the initial interpre-
tation of their data [7], also recorded two mtDNA lin-
eages in some South Asian Dolly Varden samples from
Sakhalin Island rivers [8].

The aim of the present study was identifying the
mtDNA variants of South Asian Dolly Varden char and
establishing their position in the total picture of mtDNA
variation in Alpinoid and malmoid chars from the
genus Salvelinus (see [9]) on the basis of sequence
analysis of the mitochondrial genome control region
fragment.

MATERIALS AND METHODS

As the material, we used part of the collection of
mitochondrial or total DNA preparations, which were
made at different times by means of alkaline [10] or
standard phenol-chloroform [11] methods, using fresh
or ethanol-fixed liver tissue samples taken from four
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char species from different regions of the Russian Far
East (Fig. 1, Table 1).

A fragment of the char mitochondrial genome,
totally covering its control region, was amplified in poly-
merase chain reaction (PCR) using forward LRBT-25
(5'-AGA-GCG-CCG-GTG-TTG-TAA-TC-3") and reverse
LRBT-1195 (5-GCT-AGC-GGG-ACT-TTC-TAG-GGT-
C-3") primers [13], specific to the flanking transport
RNA (tRNA-Thr and tRNA-Phe) genes. Amplification
was run in a UNO-Thermoblock device (Biometra,
Germany) in 50 pl of a reaction mixture including 10-
20 ng of mtDNA (or 1-2 pg of total DNA), 5 ul of
buffer (0.6 M Tris-HCI, pH 8.5; 0.015 M MgCl,;
0.25 M KCI; 0.1 M 2-mercaptoethanol; 1% Triton X-100),
5 pl of the sum of deoxytriphosphates from 8§ mM solu-
tion, 5 ul of each primer from 2 UM solutions, 2.0-2.5 u
Taq polymerase (SibEnzim, Novosibirsk, Russia), and
deionized water. PCR was run in the following regime:
initial denaturing at 96°C for 60 s; 30 amplification
Vol. 43
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Table 1. Sample numeration, geographic locality, and sample sizes (1)

No. Char species, locality and date of sampling n
White char S. albus Glubokovsky, 1977
1 | Raduga River, Kamchatka River basin, Kamchatka Peninsula (Sept. 18, 1998) 3
Dolly Varden char S. malma Walbaum, 1792
2 |D’yakonovskii Spring, flowing into Azabach’ya channel, Kamchatka River basin, Kamchatka Peninsula 1
(Sept. 19, 1998)
3* | Channel of Bol’shoe Lake, Shumshu Island, Kurils (July 31, 1999) 2
South Asian Dolly Varden char S. curilus Pallas, 1814

Unnamed spring near Baikovo village, Shumshu Island, Kurils (July 29, 1999) 2

5 | Unnamed spring in Rifovaya Bight, Paramushir Island, Kurils (July 30, 1999) 2
6* | Unnamed spring in Nemo Bight, Onekotan Island, Kurils (July 24, 1999) 1
7* | Unnamed spring flowing into southern Tikhoe Lake, Rasshua Island, Kurils (Aug. 4, 1999) 2
8% | Unnamed spring in Dushnaya Bight, Simushir Island, Kurils (Aug. 9, 1999) 2
9* | Pioner R., Kuibyshevskii Bay, Iturup Island, Kurils (Aug. 13, 1999) 1
10 | Unnamed spring near Otradnoe village, Kunashir Island, Kurils (Aug. 16, 1999) 1
11 | Unnamed spring near Stolbchatyi Cape, Kunashir Island, Kurils (Aug. 17, 1999) 1
12 | Alekhin R. in Alekhin Bight, Kunashir Island, Kurils (Aug. 18, 1999) 1
13 |Toi R., Severnyi Bay, Shmidt Peninsula, Sakhalin Island (Aug. 5, 2001) 1
14 | Tum’ R., Shmidt Peninsula, Sakhalin Island (Aug. 9, 2001) 2
15 |Taliki R., Shmidt Peninsula, Sakhalin Island (Aug. 14, 2001) 2
16 |Upper Tym’ R., Sakhalin Island (Aug. 2, 2002) 3
17 |Belaya R., Naiba R. basin, Sakhalin Island (Sept. 10, 1999; July 14, 2002) 3
18 |Samarga R., Primorskii Krai (June 11, 1992) 2
19 | Maksimovka R., Primorskii Krai (Oct. 5, 1998) 2
20 |Milogradovka R., Primorskii Krai (July 4, 1996) 2
21 |[Izvilinka R., Ussuri R. basin, Primorskii Krai (Oct. 29, 1996) 1
22 | Upper Ussuri R., Primorskii Krai (Oct. 20, 1995) 2
23 |Ryazanovka R. in Peter the Great Bay, Primorskii Krai (July 5, 2000) 4

S. leucomaenis Pallas, 1814

10 | Unnamed spring near Otradnoe village, Kunashir Island, Kurils (Aug. 16, 1999) 1
17 |Belaya R., Naiba R. basin, Sakhalin Island (July 14, 2002) 1
18 |Samarga R., Primorskii Krai (June 11, 1992) 1
24 | Krivaya R., Kievka R. basin, Primorskii Krai (Oct. 10, 1993) 1

* These samples were earlier examined using allozyme analysis [12].

cycles (96°C for 90 s, 56°C for 60 s, 72°C for 90 s), and
final elongation at 72°C for 300 s.

The amplification products were purified in Quan-
tum Prep columns (BioRad Laboratories, United
States) and subjected to cyclic sequencing using a Big-
Dye Terminator kit, version 3.1 (Applied Biosystems,
United States), the forward primer (LRBT-25) in one
reaction, and an additional inner primer (5'-ATA-TAA-
GAG-AAC-GCC-CGG-CT-3") in the other under the
following conditions: initial denaturing at 96°C for 300 s
and 30 amplification cycles (96°C for 30 s, 55°C for
10 s, 60°C for 240 s). Sequencing was carried out in an
ABI Prizm 310 automated sequencer (Applied Biosys-
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tems, United States) at the Institute of Biology and Soil
Science, Russian Academy of Sciences, Vladivostok.
The ABI chromatograms were analyzed and edited if
necessary using programs from the Staden 1.53 soft-
ware package [14]. Various procedures for preparing
the sequences for subsequent analysis, including their
alignment, were conducted using the MEGA3 pack-
age [15].

In total, nucleotide sequences of the 510-511-bp
mtDNA fragment were established for 47 char individ-
uals. Differing variants of the sequenced regions were
deposited in GenBank/NCBI under accession numbers
DQ403177-DQA403188. In addition, we used sequences

2007
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Fig. 2. Variable positions in the 512-bp char mtDNA fragment including fragments of the tRNA-Pro gene (16598-16624) and the
control region (1-483). Numeration is given relative to the S. fontinalis mitochondrial genome sequence (AF154850 [16]). For the
mtDNA phylogroups established earlier (ACADIA, ATLANTIC, SIBERIA, and ARCTIC) [9], consensus sequences are presented,
wherey=CorT;r=AorGm=AorC;k=GorT,w=AorT;s=CorG;v=AorC,or G;d=A or G, or T. For phylogroup
BERING, individual haplotypes are presented (some variants from the previously determined haplotypes at the mitochondrial
genome region examined proved to be identical and were combined). The haplotype found in the present study are set out in bold.
Haplotype ALPG is the corresponding region of the mitochondrial genome of S. oquassa (AF154851); haplotypes FONG and FON,
S. fontinalis (respectively AF154850 and AF297987); NAM, S. namaycush (AF297989); LEU, S. leucomaenis (AF297988);

SVET, Salvethymus svetovidovi (AF297990).

of homologous mtDNA regions, sequenced by other
authors and deposited in GenBank/NCBI under acces-
sion numbers AF154850-AF154851 [16] and
AF297987-AF298052 [9]. Since all these sequences
shared an overlapping region of 481 bp, this region was
used in comparative analysis.

The phylogenetic relationships among char mtDNA
haplotypes were assessed using three approaches:
Bayesian, maximum likelihood, and maximum parsi-
mony methods.

Bayesian phylogenetic analysis was carried out
using software program MrBayes, version 3.1.1 [17],
concurrently employing two models for different parts
of the control region fragment of char mtDNA. For
positions without insertions/deletions, Kimura’s two-
parametric model of nucleotide substitutions (K2P),
accounting for the considerable prevalence transitions
over transversions in the mtDNA evolution, and for
phylogenetically informative positions with inser-
tions/deletions (nos. 41 and 196, see Fig. 2), the stan-
dard discrete model [18]. Monte Carlo analysis using
Markov chains (MCMC) was conducted by means of
simultaneous launching of four chains (three “hot” and
one “cold”) for 5 x 10° cycles and selecting each hun-
dredth of the generated trees. Of 50000 trees, the first
3000 were discarded, and the remaining ones, which
exhibited stable variation of likelihood estimates
(LnL), nucleotide substitution model parameters, and
tree lengths, were used for constructing a consensus
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phylogenetic tree and estimating a posteriori probabili-
ties of its branching.

The heuristic search for maximum likelihood trees
(ML trees) was conducted with the PAUP 4.0d81 pro-
gram [19] based on the K2P model in 30 replications
with random addition of sequences in analysis and per-
mutations according to the TBR algorithm. Positions
with insertions/deletions were excluded from the
matrix. Robustness of the clustering order was assessed
by local bootstrap in 10 000 recurrent pseudorandom
samples of likelihood estimates (RELL method, pro-
gram NucML from software package Molphy [20]).

The heuristic search for maximum parsimonious
trees (MP trees) was conducted using the PAUP pro-
gram [19] on the basis of a unweighed data matrix
(61 informative character including insertions/deletions)
in 100 replications with random addition of sequences
in analysis, permutations according to the TBR algo-
rithm, and limiting the maximum possible tree number
to 10000. Robustness of the clustering order was
assessed by bootstrap in 1000 pseudorandom replica-
tions (PAUP).

The possible variants of mutational transitions
between closely related mtDNA haplotypes were visu-
alized by combining the MP trees into phylogenetic
networks (UMP [21]).

Homogeneity of the samples by mtDNA haplotype
frequencies was assessed using modified x? test [22], in
which the probability of accepting a null hypothesis
Vol. 43
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Table 2. Distribution of the detected haplotypes in 24 char samples
Number Haplotypes
Samples | LEU1 | LEU2 | BER20 | BER21 | BER22 | BER23 | OKH1 | OKH2 | OKH3 | OKH4 | OKH5 | OKH6
Kamchatka Peninsula
1 1* 2%
2 1
Kuril Islands
3 2%
4 1 1
5 1* 1*
6 1
7 1 1
8 1* 1*
9 1
10 1* 1
11 1
12 1
Sakhalin Island
13 1
14 1* 1
15 1 1*
16 1 1 1
17 1* 1 1 1
Primorskii Krai
18 1* 2%
19 1* I*
20 2
21 1
22 2
23 2 2
24 1*

Note: Haplotypes found in anadromous chars are marked by asterisks.

was estimated from the results of 10 000 pseudorandom
permutations (program MONTE from the REAP pack-
age [23]).

RESULTS

Sequencing of the fragments of the tRNA-Pro gene
(27 bp) and the control mtDNA region (483-484 bp) in
47 individuals of four char species revealed 12 different
variants of mtDNA haplotypes (Table 2, Figs. 2, 3).
Salvelinus leucomaenis and while char S. albus had two
haplotypes each (LEU1, LEU2 and BER21 and BER23,
respectively). In Dolly Varden S. malma, one haplotype
(BER21), and in South Asian Dolly Varden S. curilus, ten
haplotypes (BER20-23, OKH1-6) were found. These 12
haplotypes fell into three distinct groups, differing from
No. 2

RUSSIAN JOURNAL OF GENETICS  Vol. 43

one another in 14-20 nucleotide positions: (1) LEU1 and
LEU2; (2) BER20-23; and (3) OKH1-6. Within each of
the groups, the differences were much lower: one to six
nucleotide positions (Fig. 2). Comparison of the
sequenced variants with char mtDNA sequences from
GenBank/NCBI by the overlapping region (positions
from 5 to 485 of the mtDNA control region, in total
481 bp) showed that the group 1 haplotypes were char-
acteristic of S. leucomaenis (see Figs. 2, 3 and Table 3).
Haplotypes of group 2 were members of the BERING
mtDNA phylogroup, which was previously established
by Brunner et al. [9] predominantly in S. malma. Hap-
lotype BER21 from their mtDNA region did not differ
from haplotypes BER3, BER7, and BER8 from [9].
Group 3 haplotypes (OKH1-6) were not reported by

2007



170 SHEDKO et al.
100/100/100 FON 7 .
FONG N S. fontinalis
LEUl
100/99/99 LEU S. leucomaenis
LEU2 -
NAM - S. namaycush
SVET - Sv.svetovidovi
,—. OKH3
100/90/96 ® OKH3 OKH4
OKH6 OKHOTSKIA -
OKHI g
OKH2 - 5
BER4 (=BER5) o
BER6 =
BER9 g
—® BER21 (=BER3, BER7, BER§
83/69/59 R ) BERING =
——® BER22 2
—® BER20
—— BER2
—@ BER23 - —
86/-/- ARCI2
ARC13
T arais AR
83/71/56 AR
—— ARC4 (=ARC16)
ARC7
— ARCO (=ARC14) ARCTIC
——— ARClII
ARC6
ARCI1
ARCS
ARC17
ARCI18
100/96/100 ARC2
94/88/- ARCY oG -
————————————————— ACDS5
— ACD4 (=ACDS8) @
100/99/94 ———— ACD3 ACADIA g
=
ACDI S
——  ACD2 et
1o 2
ACD6 . =]
L =
94/74/54 SIB6 <
I SIB4
SIB5 SIBERIA
SIB9
— SIB3
— SIB2
o SIBI -
2012 ATL14
ATL7
ATLS5 (=ATL11)
ATL3
— ATLI (=ATL2, ATL6)
2%% %g ATLANTIC
59/80/- ATL9
— ATLS (=ATL15, ATL16)
—————— ATLI13
L ATLI0
. . .. _|_—ATL12
0.01 substitutions/position ATLA .

Fig. 3. Bayesian tree (50% consensus of 47 000 trees) of char haplotypes, inferred from analysis of the 481-bp mtDNA control
region fragment. Robustness of main clades of Alpinoid and malmoid chars and their phylogenetic relationships is reflected in the
estimated of Bayesian a posteriori probabilities (the first numeral), as well as local bootstrap indices for the ML tree (the second
numeral) and standard bootstrap indices for the MP tree (the third numeral), which essentially presented the same topology. A dash
shows that the reproducibility of the give branching node was lower than a half of all the bootstrap replications. Haplotypes detected

in the present study are marked by large dots.

Brunner et al. [9] and composed a novel phylogroup,
which we termed OKHOTSKIA.

According to our distance estimates (Table 3), the
ATLANTIC and SIBERIA mtDNA phylogroups are
closest to one another among the six groups of Alpinoid
and malmoid chars. OKHOTSKIA and ACADIA, well
differentiated from one another, are at approximately
the same distance from the former pair. The ARCTIC phy-
logroup is the most isolated from all of the other groups,
while phylogroups BERING and SVET (Sv. svetovidovi)
are equidistant from the above five mtDNA phylogroups.

In the Bayesian phylogenetic tree (LnL = —2012.80),
the BERING mtDNA phylogroup fell into the same
clade with the ARCTIC mtDNA phylogroup; the other
clade included phylogroups ATLANTIC, SIBERIA,

RUSSIAN JOURNAL OF GENETICS

and ACADIA (Fig. 3). The haplotype group
OKHOTSKIA, as well as haplotype SVET, occupied a
basal position relative to these two clades.

A heuristic search based on the maximum likeli-
hood criterion using the K2P model yielded 13 trees
with the same likelihood (LnL = -1908.76, the ratio of
transition rate to transversions rate, 4.88). As they had
virtually the same topology than the tree in Fig. 3, we
do not present them here. These 13 ML trees differed
only by minor permutations within the BERING and
the ATLANTIC groups.

The topology of the tree that represented strict con-
sensus among 10 000 equally parsimonious MP trees
(Iength 148 steps, consistency index CI = 0.51,
homoplasy index HI = 0.49, retention index RI = 0.87)
2007
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Table 3. Mean number of nucleotide differences (distance K2P, x100) between the species and (or) phylogroups of Alpinoid

and malmoid chars

No. (phsylfggrffup) 1 2 3 4 5 6 7 8 9 10
1 | S. fontinalis 1.05
2 | S. leucomaenis 5.70 1.27
3 | S. namaycush 5.79 3.36 -
4 | Sv. svetovidovi 5.32 3.66 343 -
5 | OKHOTSKIA 5.48 3.71 3.80 2.74 0.57
6 | ACADIA 6.61 5.04 5.03 3.74 3.19 1.06
7 | SIBERIA 6.04 3.47 3.51 2.56 2.58 2.24 0.70
8 | ATLANTIC 6.55 3.84 3.87 3.12 2.38 2.33 1.40 0.80
9 | ARCTIC 6.47 4.51 5.09 3.04 4.52 4.46 3.59 4.24 1.09
10 | BERING 5.15 3.29 4.08 2.75 2.76 2.36 2.05 2.20 2.61 0.54

did not principally differ from the Bayesian tree from
Fig. 3 and thereby is not presented here.

Thus, all the three approached employed (Bayesian,
maximum likelihood, and maximum parsimony) ulti-
mately produced the same variant of mtDNA phylog-
eny of Alpinoid and malmoid chars. Clades of mtDNA
phylogroups OKHOTSKIA, ARCTIC, and ACADIA had
high support (see Fig. 3), while discreteness of mtDNA
phylogroups ATLANTIC and especially SIBERIA was
not so evident. The reproducibility of the BERING
clade proved to be equal or somewhat lower than the
support of the remaining branching points of the tree in
Fig. 3 in the tree part that reflects the order of arrange-
ment of all of the above mtDNA phylogroups.

The phylogenetic networks constructed for mtDNA
phylogroups OKHOTSKIA and BERING (Fig. 4)
showed a specific character of nucleotide substitutions
in the examined fragments of the char mtDNA control
region. Any of the five maximum parsimonious trees,
derived for the OKHOTSKIA group, included recurrent
and reverse substitutions at the same nucleotide posi-
tions. The phylogenetic network of the BERING group
haplotypes, combining 181 MP trees, also permitted
multiple homoplastic nucleotide substitutions.

The central position in the OKHOTSKIA phyloge-
netic network was occupied by haplotypes OKH2 and
OKH6 (had three connecting branches each). The
OKH2 haplotype is wide spread (Primorye, Sakhalin,
and southern Kuril Islands) and predominated in fre-
quency in South Asian Dolly Varden char from Pri-
morye. The second haplotype was recorded only once,
in southern Sakhalin. Of the three remaining haplo-
types, two are rare and found in a small number only in
southern Primorye (OKHI1) and middle Kurils
(OKH4), whereas the other two haplotypes (OKH3 and
OKHS) are rather widely spread from southern Pri-
morye to northern Kuril Islands.

The center of the phylogenetic network of the BER-
ING mtDNA phylogroup is occupied by a haplotype
RUSSIAN JOURNAL OF GENETICS
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which is often, as compared to other haplotypes from
this group, represented in samples of South Asian Dolly
Varden. This haplotype is BER21 (five connecting
branches). Apart from South Asian Dolly Varden, we
have found this haplotype in Dolly Varden and white
char from Kamchatka. Judging by literature evidence
[9], this variant also occurs in Dolly Varden from
Chukotka and South American Dolly Varden S. lordii in
Alaska (haplotype BER21 in the region examined does
not differ from haplotypes BER3, BER7, and BERS
from the cited study). The BER23 haplotype, character-
ized by three connecting branches in the phylogenetic
networks, was found in white char from Kamchatka
and in South Asian Dolly Varden from northern Kurils.

Several haplotypes, earlier reported by Brunner
etal. [9] in white char (BER1) and Dolly Varden
(BER2) from Kamchatka, in Dolly Varden from Alaska
(BER6 and BERY), in (South?) Dolly Varden from
Paramushir Island (BER4-5), were not found in our
samples. All of them, excluding the former, occupy
peripheral positions in the BERING mtDNA phylo-
group phylogenetic network. Two rare haplotypes that
we found in a few individuals of South Asian Dolly
Varden from the north (BER20) and south (BER22)
Sakhalin can be also assigned to peripheral ones.

In general, there are clear interregional differences
in mtDNA haplotype frequency between the samples of
South Asian Dolly Varden from Primorye, on the one
hand, and from Sakhalin and Kurils, on the other (Table 2).
In the South Asian Dolly Varden samples from Sakhalin
and Kurils, both mtDNA ph}lllogroups (BERING and
OKHOTSKIA) are presented'. The mtDNA haplotype
frequencies in the combined samples from these two

! Note that in the samples including haplotypes of the both mtDNA
phylogroups, preparations for sequencing were selected on the
results of their preliminary genotyping using RFLP analysis of
the total mitochondrial genome or its fragment encoding NADH
subunits 5 and 6. Consequently, frequencies of the two mtDNA
phylogroups in these samples (see Table 2) do not reflect their
actual proportions (these data will be published elsewhere).
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Fig. 4. Phylogenetic networks of mtDNA phylogroups OKHOTSKIA and BERING, obtained by combining the most parsimonious
trees (UMP [21]). Numerals show positions of nucleotide substitutions in the char mtDNA control region (see Fig. 2).

regions are homogeneous (x2=6.35, d.f. =8, P =0.86).
In Primorye, haplotypes of the BERING mtDNA phy-
logroup were not recorded, and in haplotype frequen-
cies of the OKHOTSKIA mtDNA phylogroup, the
combined South Asian Dolly Varden sample from Pri-
morye and the combined sample from Sakhalin and
Kuril Island are heterogeneous (x? = 14.75, df. = 5,
P =0.001).

DISCUSSION

To date, based on analysis of the left hypervariable
domain of the mtDNA control region of Alpinoid and
malmoid chars from the genus Salvelinus, several
mtDNA evolutionary lineages have been distinguished.

RUSSIAN JOURNAL OF GENETICS

These lineages have a certain degree of geographic
affiliation and to a certain extent of success mark vari-
ous forms and species of chars or their groups ([9],
present communication).

MtDNA phylogroup haplotypes ATLANTIC and
SIBERIA are widespread in the western sector of Arctic
from the Labrador Peninsula to the East Siberia water
reservoirs belonging to the Lena River basin. They were
recorded in Arctic char S. alpinus and in other Alpinoid
char species and forms, inhabiting this area.

A comparatively compact haplotype group ACA-
DIA occurs in Canadian provinces Quebec and New
Brunswick, where it was detected mostly in S. oquassa.
Apart from S. oquassa, haplotypes of this mtDNA lin-
eage were also registered in two populations of S. fon-
Vol. 43
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tinalis Mitchill, 1814 and S. namaycush Walbaum,
1792, in which they have completely replaced the mtDNA
variants characteristic of these species [24, 25]. The hap-
lotype, which in the present work is designated ALPG,
is a variant of the S. oquassa mitochondrial genome,
which was transferred to S. fontinalis via hybridization
between these species (see [16]).

Haplotypes of the ARCTIC mtDNA phylogroup are
common in eastern Arctic sector from Chukotka to
Labrador. They are found mostly in Alpinoid chars
from this region: Taranetz char S. faranetzi; close to it
(if not the same, see [26]) eastern form S. alpinus;
S. elgyticus Viktorovsky and Glubokovsky, 1981, and
S. boganidae Berg, 1926. An exception is a single find-
ing of haplotype ARC17 in S. malma from Galbraith
Lake, located in the zone of overlapping ranges of Alpi-
noid and malmoid chars in Alaska.

Haplotypes of the BERING mtDNA phylogroup are
recorded in Chukotka (in S. malma), Alaska (in
S. malma and S. lordii), Kamchatka (in S. malma and
S. albus), Kuril Islands (in S. malma and S. curilus),
and Sakhalin (in S. curilus). The results of the present
work and the study by Brunner et al. [9] can be compared
to the results of RFLP analysis of mtDNA [27, 28], as part
of the chars examined was collected in the same local-
ities (the Belaya River near the Sokol Biological Sta-
tion, Sakhalin; the Kamchatka River near the Raduga
Biological Station, Kamchatka Peninsula). Based on
this, it is likely that the BERING group occur also in the
northern par of the Sea of Okhotsk (in S. malmay).

Distribution of the OKHOTSKIA haplotypes (Pri-
morye variants or southern haplotypes in studies [6, 8, 28])
nearly coincides with the S. curilus range—Kuril
Islands, Sakhalin Island, and Primorye, including the
populations from the upper Ussuri River, isolated from
the main part of the rainge (see Fig. 1, where samples
with haplotypes of the OKHOTSKIA group are desig-
nated by dots, and those with haplotypes of the BERING
group, by squares). Beyond the South Asian Dolly
Varden range, the OKHOTSKIA haplotypes were
found only in a few S. malma sample from the rivers of
the northern coast of the Sea of Okhotsk, in which their
frequencies do not exceed 10% (calculated from the
data presented in [27-30]). Moreover, there is some
evidence indicating that the mtDNA variant character-
istic of S. curilus and detected by means of sequencing
a cytochrome b gene fragment, was found in one
S. malma individual from the Vilyuchinskii stream in
southeastern Kamchatka [30, 31]. However, this find-
ing does not comply with the earlier results of RFLP
analysis of this Dolly Varden sample [29], which
requires verification.

Among the above mtDNA phylogroups, BERING
and OKHOTSKIA have the largest area of geographi-
cal overlapping. Since their occurrence mainly coin-
cides with the ranges of respectively S. malma and
S. curilus, it seems that the formation of the BERING
and OKHOTSKIA mtDNA phylogroups was associ-
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ated with the isolation and subsequent evolution of
these char species. The mixed composition of the
S. curilus mitochondrial gene pool is likely caused by
hybridization of this species with S. malma, resulting in
mtDNA transfer from S. malma to S. curilus [3, 4, 8].
In this connection, we should like to note that the char-
acteristic S-shaped cline of frequencies of the vertebra
numbers and other meristic diagnostic traits, observed
in the contact zone of S. malma and S. curilus in north-
ern Kurils [4, 32], may serve as indirect evidence
hybridization between these species has occurred in the
past or is occurring in the present. Apparently, exactly
this factor resulted in some merging of their morpho-
logical discreteness here. The presence of transitive
from S. curilus to S. malma populations in northern
Kurils is documented by other morphological data [33]
and by the results of allozyme studies [12]. In general,
it seems likely that the north Kuril region is a hybridiza-
tion zone of these char species.

A question arises as to why the overlapping region
of the geographic distribution of the OKHOTSKIA and
BERING haplotypes is not limited to the contact zone
of S. curilus and S. malma (northern Kurils, the Sea of
Okhotsk coast to the north of the Uda River mouth),
extending for more than 1000 km along the Kuril
Archipelago and Sakhalin Island?

Thus may be explained by an unstable geographic
position of their hybridization zone in time. Apparently,
in the past the ranges of S. curilus and S. malma, as
those of many other fish species, were changing, fol-
lowing climatic changes. During Pleistocene climatic
coolings, the ranges of these char species expanded or
shifted to the south; in the periods of warming, to the
north. If this explanation is true, then the area of BERING
haplotypes within the S. curilus range may reflect the
boundaries of the southward movement of the hybrid-
ization zone. This means that, in our view, in the peri-
ods of maximal cooling this zone could be situated in
the southern region of Sakhalin and the Kuril Archipel-
ago. It is possible that it is isolation of the Sea of
Okhotsk and Sea of Japan basins during the sea level
regressions, occurring during the periods of climatic
cooling (the coastline of this region in [34]), prevented
penetration of the BERING group haplotypes into the
S. curilus mitochondrial gene pool from the Primorye
water bodies (all 164 individuals of South Asian Dolly
Varden, examined by means of mtDNA RFLP method,
carries the OKHOTSKIA lineage haplotype [6; our
unpublished data]). The difference between the Primorye
and the Sakhalin—Kuril samples of S. curilus in the hap-
lotype composition of the OKHOTSKIA mtDNA phylo-
group can be explained in a similar manner.

Since a few S. malma individuals in rare cases were
fixed in the rivers of northeastern Hokkaido, far from
the southern boundaries of the Dolly Varden range (see
[3] for references), hybridization with such migrant fish
is another factor that could have contributed to the
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extension of the geographic overlapping zone of the
ranges of these mtDNA phylogroups [3, 4, 8].

Considering the pattern of phylogenetic relation-
ships between the char mtDNA phylogroups, one can-
not miss the following fact. In the phylogenetic trees,
based on allozyme data, Alpinoid chars constitute a mono-
phyletic group relative to malmoid chars [27, 35-37].
However, in all variants of phylogenetic trees, based on
sequencing of parts of the mitochondrial genome
(19, 30, 31, 38], see also Fig. 3), the Alpinoid chars
formed a paraphyletic group, because mtDNA variants,
characteristic for S. malma, were always positioned
within the haplotype clade of Alpinoid chars. The
mtDNA variants characteristic of South Asian Dolly
Varden char occupied a basal phylogenetic position rel-
ative to the remaining haplotype groups found in mal-
moid and Alpinoid chars ([30, 31], the present study).

This finding suggests that native for S. malma
mtDNA could be completely or partially substituted by
foreign mtDNA, received by this species or its ancestral
form from Alpinoid chars in one or several hybridiza-
tion events. Thus, in our view, a two-stage scenario of
mediated mtDNA introgression to the mitochondrial
gene pool of S. curilus is plausible. At the first stage,
mtDNA was transferred from a member of the Alpinoid
char group to S. malma. The foreign mtDNA gave rise
to the phylogroup BERING, which in time became pre-
dominant in the S. malma mitochondrial gene pool. At
the second stage, hybridization between S. malma and
S. curilus resulted in an introduction of the BERING
haplotypes into the. In this case, rare mtDNA variants,
typical for S. curilus, which were revealed in the mito-
chondrial gene pool of S. malma from the northern Sea
of Okhotsk, may be regarded as the traces of their past
wider abundance in the latter species.

Ample evidence indicate that interspecies introgres-
sive hybridization, accompanied by mtDNA transfer, is
a common, rather than seldom, event also among other
species of the genus Salvelinus [24, 25, 30, 31, 38, 39,
and others]. Moreover, certain regularity is seen in the
direction of the mtDNA transfer. As a rule, of two
hybridizing char species, the species with the more
southern range acts as the recipient of foreign mtDNA
[16, 24, 25]. Hence, we believe that the proposed sce-
nario, albeit seemingly complex, is very likely. Judging
from the available data (see [38—40] and the references
therein), a similar situation is observed in East Pacific,
where the mediated mtDNA transfer might have
occurred in the series Alpinoid chars — S. confluentus
Suckley, 1859 — §. lordii.
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Salvelinus curilus (Pallas, 1814) (Salmoniformes, Salmonidae):
OINOCPEJOBAHHAS MUHTPOI'PECCUA T'EHOB?
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ITpoanamm3npoBaHbl HYKICOTHIHBIEC MOCIegOoBaTenbHOCTH (pparmeHToB rera TPHK-Pro (27 mH) n KoH-
TposabHOil o6nactu (483—484 ) MT[ITHK vy 41 5K3. 103kHOIT a3uaTcKoil ManbMbl Salvelinus curilus, cobpas-
HBIX 13 20 TOKaIBHOCTEN, HOKPBIBAIOIINX IPAKTHIECKH BECh apeall AaHHOTO Bujia — Kypuibckue ocTposa,
0-B Caxanun u I[Ipumopse. Kpome Toro, uccnefoBanbl 6 3K3. TpeX APYTUX, OIM3KUX K NEPBOMY, BHOB
roibloB, oouTaromux Ha [JansHeM Bocrtoke, — S. albus, S. malma u S. leucomaenis. Bcero BBISIBIEHO
12 paznuynbix BapuanToB MTJHK-rammorunos, copMipoBaBIIIX TpU XOPOIIO BbIpasKE€HHbIE IPYIIIbI, pa3-
muyaromgecs no 14-20 HykieoTugHbIM no3utusM. OgHy TpyHIly COCTABUIM LIECTh FalJIOTUIIOB, OOHAPYKEH-
HBIX y S. curilus Ha Kypunbsckux ocrpoBax, Caxanusne u [Ipumopse (MTIHK-punorpynma OKHOTSKIA).
Bropyto rpynmy crnoXuiny 4eThbIpe ranjoTUIa, IpecTaBIsIoIINX paHee BbieseHnyto (Brunner et al., 2001)
MTIHK-punorpynny BERING u HafineHHbIX y S. curilus Ha Kypunbckux ocrpoBax u CaxajnHe, a TaKxXKe
y S. albus n S. malma na Kamuatke u ceBepHbIx Kypniax; TpeTbio — ABa ramioTumna, oOHapy>XKeHHBIX Y
S. leucomaenis. Hannune aeyx nuauit MTITHK (OKHOTSKIA u BERING) y S. curilus ¢ Kypun n Caxanuna
o6 psicieno rubpupm3anuei u nepenocoM MTIHK ot S. malma x S. curilus. Otcyrcreue rammorunoB BERING
y S. curilus n3 BogoemoB [IpuMoph4 cBsi3aHO ¢ pu3nyecKoit n3onsuuein 6acceitHoB OX0TcKoro u SInoHcko-
r'0 MOpel B IpouIbie 3moxu. Ha ocHOBaHMM comocTaBiieHNs! (PMIIOT€HETHIECKAX ACPEBHEB, HOCTPOESHHBIX
IO JaHHBIM aHaNIM3a N3MEHYUBOCTH anno3uMoB U MT[IHK, Beicka3aHO NpeAnooXeHne o TOM, 4TO B pac-
CMOTPEHHOM CIIy4ae MOTJIa MPOM30HUTH onocpeoBaHHas nepefgada MT[IHK B menu: anbImHOMAHBIE TOIb-

usl —> S. malma — S. curilus.

IOxnas asuarckas maneMa Salvelinus curilus (Pal-
las, 1814) 6n1ma oncana I1.C. ITamiacoM 110 HECKOJTb-
KM 39K3eMIUISIpaM TOJNBIOB m3 peuek Kypmibckmx
OCTPOBOB NOAi IMeHeM Salmo curilus. C HefaBHUX NTOP
€€ pacCMaTPUBAIOT B PaHTe CAMOCTOSITEILHOT'O BUIa
¥ MJTQJIIIIAMA CHHOHUMAaMU 3TOTO Ha3BaHMUSI SIBIISIEOT-
cia: Salmo laevigatus Pallas, 1814; Salmo fariopsis
Kner, 1870; Salvelinus malma krascheninnikovi
Taranetz, 1933 (cM. [1-5]). Kak u 601bIMHCTBO ApY-
TUX BUJIOB TONBLOB pofa Salvelinus, 103KHasl a3uaT-
CKasl MaJibMa NPOSIBIISIET BBICOKYIO CTENEHb MOP(O-
JIOTMYECKON U3MEHYUBOCTH U UMeeT KaK MPOXOTHOM,
TaK ¥ YUCTO IPECHOBOAHBIN (JKUJION) IKOTHIIBI, CO-
OTHOIIIEHNE KOTOPHIX B MOMYJISIIASX BapLUPYET B 3a-
BHCHMOCTH OT WX TeOorpapuieckoro TOJOXEHUS W
APYrux aOMOTHMYECKNX XapaKTepucTuk. Apean S. curi-
lus oxBatbiBaeT lllanTapckue n Kypuiibckue ocTpo-
Ba, 0-B CaxainuH, 0-B XOKKaiiio, MAaTEPUKOBOE MO0e-
pexnbe oT numaHa Amypa o pek Cesepnoii Kopen, a
Takke HEKOTOpPbIE BOOTOKW OacceiiHa p. ¥YccypH,
03. XaHka u p. Any. FOxHas a3uatckasi MajibMa BXO-
IWUT B cOCTaB MOP(OJIOTHUYECKU CXOHON MaJbMOU/I-
HOH TpYIIbI BUIOB TOJBIOB pofia Salvelinus, BKIIO-
yarolen KpoMe S. curilus TakKe TUAYHYIO MaJIbMYy
S. malma (Walbaum, 1792), 10>kHy¥0 aMEepHUKaHCKYIO

ManbeMmy S. lordii (Gunther, 1866), 6emoro rombia
S. albus Glubokovsky, 1977, IJIMHHOTOJIOBOTO T'OJb-
ua S. kronocius Viktorovsky, 1978 u pgpyrue pop-
CTBEHHBIE MaJibMe BUIbI TOJBIOB (cM. [1]). MansMoun-
HBbIE TOJBIBI MIMPOKO pacnpocTpaHeHbl B CeBepHOM
INanuduke, rme oHM JOMIUHUPYIOT HaJl HEMHOTOUMC-
JEHHBIMU 37I€Ch TPEJCTABUTEISMI ANbIUHOUTHOM
IPYIIbI TOABLOB Salvelinus, TAKCOHOMUYECKH U 9KO-
JOTMYecKn Hambollee pa3HOOOpa3HOW B BOOEMax
Gacceiina CeBepHoro JlegoBUTOr0 OKeaHa W BKIIO-
Yarollei apkTudeckoro roasua S. alpinus (L.), ronpna
Tapanna S. taranetzi Kaganowsky, 1955, S. oquassa
(Girard, 1854) u ipyrue Bupbl, 61u3Kkue K S. alpinus.

Panee npu aHanu3e BbIOOPOK FOXKHOM a3WATCKON
ManbMbl U3 pek [Ipumopss, Caxanuna, Kypunbckux
OCTPOBOB, a TakxXe MajnbMbl KaMuaTku OblIN BBISIB-
JIEHBI JIB€ XOpOIIO 000COOJIEHHbIE JINHUA MATOXOH-
npuanbHoit JTHK (MmT[JTHK) [6]. Tonbko ofgHa U3 aTuX
auHui (“pUMOpCKUE” BapuaHThI) Oblia OOHApyXKe-
Ha B BbIOOpKax S. curilus u3 Ilpumopss. Hpyras nu-
Husg MT[IHK (“kamuatckue” BapuaHThI) ObLIa Haii-
[A€Ha y MalbMbl S. malma u 6enoro roasua S. albus u3
6acceitra p. KamuaTtka (m1-oB KamuaTtka). O6e nuHun
MPUCYTCTBOBAJIM B HEKOTOPBIX BbIOOpKax S. curilus
n3 pex tora Caxanusa u 10XHbIX Kypun. [Ipyrue aB-
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Puc. 1. Kapra-cxema mect B3situst MaTepuaia (1-24 — cm. ta6u. 1; 0603HaueHUS 3HAUKOB-MapKepOB BEIGOPOK paciin@poBaHbI

B TEKCTE).

TOpBI, IEPECMOTPEB NePBOHAYATILHYIO HHTEPIPETa-
L[MIO CBOMX MaTepHaioB [7], Tak>Ke yKa3ajau Ha Hallu-
ype AByx JuHNA MT[JHK B HEKOTOpBIX BbIOGOpKAx
FOKHOH a3MaTCKoi MalibMbl 3 pek CaxanuHa [8].

OcHOBHas 1eIb HACTOSIIIEH paboThl COCTOsIIA B
ufleHTU(pUKAINMU ¥ YCTAaHOBJICHUH TTOJIOXKEHNS OOHa-
pyXenHbix BapuaHToB MTIHK roxkHOW a3smaTcKon
MajlbMBbI B 0011l cTPYKTYype pazHooOpasus MTIIHK
aAILIIMHOUIHBIX W MAaJILMOUIHBIX TONBIOB Salvelinus
(cMm.: [9]) Ha ocHOBe aHanM3a HYKJICOTUAHBIX MOCTe-
JOBaTeNbHOCTEN (hparMeHTa KOHTPOJIBHON 00IacTH
MUTOXOHAPUAIIBLHOTO T€HOMA.

MATEPHUAJIBI 1 METObI

B xadecTBe NCXOAHOrO MaTepHalia HCHOJIb30BaHa
YacTh KOJUJIEKIMU IpenapaToB MUTOXOHAPUATIBLHON
umu totanbHoi [JHK, monmy4yeHHBIX B pa3Hoe BpeMst
menoyHbiM [10] wim craHgapTHBIM (PEHOI-XIOPO-

¢dopMHBIM [11] MeTogaMu W3 TKaHEH CBEXeW WIN
(bUKCUPOBAHHON CIUPTOM MEYEHU, B3SITHIX OT YEThI-
PE€X BUAOB T'OJILLOB U3 Pa3INYHbIX pailoHOB [anbHe-
ro Bocroka Poccun (puc. 1, Ta6m. 1).

dparMeHT MUTOXOHAPUAIBHOI'O F€HOMA I'OJIbIIOB,
LEJIMKOM BKIIFOYAIOIIUI €r0 KOHTPOJIBHYIO 00/1acTh,
Obul aMIUTM(UIUPOBAH METOAOM MOJMMEpPa3HOM
uenHo# peakuuu (ITLP) c ncnoab3oBaHuEM IPSIMOTO
LRBT-25 (5-AGA-GCG-CCG-GTG-TTG-TAA-TC-3")
u ob6patHoro LRBT-1195 (5'-GCT-AGC-GGG-ACT-
TTC-TAG-GGT-C-3") mpaiimepoB [13], cnenudpuy-
HBIX K (PIaHKHMPYIOIIMM €ro reHaM TPaHCIOPTHOM
PHK (TPHK-Thr u TPHK-Phe). Ammmmdpukanuro
npoBopuiu Ha mpudope UNO-Thermoblock (“Biome-
tra”, I'epmanuss) B 50 MKI peakIMOHHOW CMecCH,
BkiatovaBmein 10-20 ar mtJHK (unu 1-2 Mmkxr To-
tansHOM [IHK), 5 Mxn 6ydepa (0.6 M Tpuc-HCI,
pH 8.5;0.015 M MgCl,; 0.25 M KCI; 0.1 M 2-mepxkan-
TO3TaHON; 1%-Hb1il TpuTOH-X-100), 5 MK CyMMBI
TEHETHKA Ne 2
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®UJIOTEOTPA®US MUTOXOHIPUAJIBHOU THK

Taémmma 1. Hymepanus BEIGOPOK, reorpaguyeckasi XapakKTepUCTUKA 1 00beM (1) U3y4eHHOTO MaTepuaa

Ne Bup roneioB, MecTo u faTa cbopa MaTepualna

S. albus Glubokovsky, 1977 — Genblii roserls
1 | P. Panyra, 6ac. p. Kamuarka, m-oB Kamuarka (18.09.1998)
S. malma (Walbaum, 1792) — manpMa

2 | Kn. IpsiKOHOBCKUI1, Bafarouii B MpoToKy A3abauss, 6ac. p. Kamuarka, n-oB Kamuatka (19.09.1998) 1
3* | IIporoka o3. Bomnsmoe, o-8 Hlymmy, Kypunsckue ocrposa (31.07.1999) 2
S. curilus (Pallas, 1814) — 1oxkHast a3maTcKast MajibMa

BesbpmannbIl KiTI0Y Y 1. BaiikoBo, o-B lllymmny, Kypunbckue octposa (29.07.1999) 2

5 | be3biMsaHHBIN K104 B OyX. Pudonasi, o-B [Tapamymmp, Kypunsckue ocrposa (30.07.1999) 2
6* | Be3pIMsHHBIN KIt0Y B Oyx. Hemo, 0-B OrekoTaH, Kypunsckue octposa (24.07.1999) 1
7* | Be3bIMSIHHBIN KITF0Y, BOAJIAIOIIIH B FOXKHYIO YacThb 03. Tuxoe, o-B Pacmya, Kypunsckue octposa (04.08.1999)| 2
8* | be3pIMsAHHBIN Kit04 B OyX. [ymHasi, o-8 Cumymmp, Kypunsckue octposa (09.08.1999) 2
9% | P. IInonep, 3an. Kyiiosimesckuii, o-8 typyn, Kypunsckue ocrposa (13.08.1999) 1
10 | be3wpmsiHHBIN K104 ¥ A. OTpagHoe, 0-B Kynammp, Kypunsckue ocrposa (16.08.1999) 1
11 | BespvsaHbIN K04 Y M. CTon6uaThli, 0-B Kynammp, Kypuinbckne octposa (17.08.1999) 1
12 | P. Anexuna B Oyx. AnexuHa, o-B Kynanmp, Kypunsckue ocrposa (18.08.1999) 1
13 | P. Toi, 3an. CeBepHbliii, n-oB llImupTa, 0-B Caxanun (05.08.2001) 1
14 | P. Tymp, n-oB llImupTa, o-B Caxama (09.08.2001) 2
15 | P. Tamuku, m-oB lImunra, o-B Caxanun (14.08.2001) 2
16 | P. TeiMb (BepxoBbs), 0-B CaxanuH (02.08.2002) 3
17 |P. benas, 6ac. p. Haii6a, o-B Caxammn (10.09.1999; 14.07.2002) 3
18 |P. Camapra, IIpumopckuit kpaii (11.06.1992) 2
19 | P. MakcumoBska, [Tpumopckuii kpaii (05.10.1998) 2
20 |P. Munorpapnoska, [Tpumopckuit kpaii (04.07.1996) 2
21 |P. 3BunuHKa, 0ac. p. ¥Yccypu, [Ipumopckuii kpaii (29.10.1996) 1
22 | P. Yccypu (BepxoBba), [Tpumopckuit kpaii (20.10.1995) 2
23 | P. Pa3anoBka B 3ain. [letpa Bemukoro, [Tpumopckuit kpait (05.07.2000) 4

S. leucomaenis (Pallas, 1814) — kyHmxa

10 | beswpimsiHHBIN K104 ¥ A. OTpagHOe, 0-B Kynammp, Kypunsckue octposa (16.08.1999) 1
17 | P. Benas, 6ac. p. Haii6a, o-B Caxamms (14.07.2002) 1
18 |P. Camapra, IIpumopckuit kpaii (11.06.1992) 1
24 | P. Kpunas, 6ac. p. Kueska, [Tpumopckuit kpait (10.10.1993) 1

* Panee aTH BbIOOPKY OBbLIM UCCIIEJOBAHbI METOAOM aJUIO3MMHOIO aHanu3a [12].

ne3okcutpugocgaros u3 § MM pacTBopa, O 5 MK
oboux mpaiiMepoB U3 2MKM pacTBOpOB, 2-2.5 e.a.
Tag-nonmmmepassl (“Cn6u3um”, r. HoBocuGupcek) u
AEUOHU3UPOBaHHY0 BoAy. ITIIP-peaknuto nposopu-
T [0 CIEeRyIoUell cxeMe: HadaiabHasl IeHaTypalys
(96°C — 60 c), 30 mukioB ammnudgukanuu (96°C —
90 ¢, 56°C — 60 c, 72°C — 90 ¢) u gocTporika nenen
(72°C =300 c).

ITponyKThl aMIInUKAIMA OYAIIATN HA KOJOH-
kax Quantum Prep (“Bio-Rad Laboratories”, CIIIA) u
NOABEPraiy NUKINIECKOMY CEKBEHUPOBAHMIO C IO-
MoIsro Habopa Big Dye Terminator Bepcun 3.1 (“Ap-
plied Biosystems”, CIIIA) ¢ ucrnonb30BaHUEM IPSIMO-
ro npaiimepa (LRBT-25) B ogHO# peaknuy, a TakKe

TEHETHUKA Tom 43 N2 2007

HOTMOJIHUTEIBHOIO OOPaTHOTO BHYTPEHHETO MpaiMe-
pa (5'-ATA-TAA-GAG-AAC-GCC-CGG-CT-3") B
APYroy IpH CIefyIoIUX YCIOBUSAX: HavalbHAas fleHa-
typanus (96°C — 300 c) u 30 quKI0B aMIUTH(UKALAA
(96°C —30 ¢, 55°C - 10 ¢, 60°C — 240 ¢). ITocnegona-
TEJILHOCTH HYKJICOTHUIOB ONPEJEIISIA Ha aBTOMATH-
yeckoM cekBeHatope ABI Prizm 310 (“Applied Bio-
systems”, CIIIA) Ha 6a3e Buonoro-noyBeHHOTO MH-
crutryra [IBO PAH (r. Bnagmsocrok). ABI-
XpoMaTorpaMMbl aHaJU3MPOBAIN U NMPU HEOOXOAH-
MOCTH PeIaKTHPOBAIIU C TIOMOIILIO MPOTPaMM 13 Ta-
keta Staden 1.53 [14]. Paznuunble MAaHUTYIISIIUH IO
MOJICOTOBKE TMOCIIEOBATEILHOCTEN K MOCIEYIOIIe-
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Puc. 2. BapuaGenbuble no3unun B yyactke MTIHK romsnos, mpmmHoi 512 mH, BRimrovaromeM ¢dparmMeHTsl rena TPHK-Pro
(16598-16624) u kouTponbHOM o6macty (1-483). HyMmepanys faHa OTHOCUTEIIBLHO NMOCIEA0BATEIbHOCTH MUTOXOHPHAJIBHOTO
reHoma S. fontinalis (AF154850 [16]). ns panee ycranoBneHHbIXx MTIHK-¢punorpynn ACADIA, ATLANTIC, SIBERIA un
ARCTIC [9] npuepenb! koHceHcycHble nocaenoBaTeNbHOCTH: Y =C i T; r=Aumn G m=Amnwm C; k=Gum T; w = A
nm T; s = Cunn G; v=A umu C, umn G; d = A nnu G, mimu T. @unorpynna BERING pacnuicana mo oTenbHbIM FaljaoTHIAM
(HeKOTOpbIE BapHaHTHl U3 paHEe YCTAHOBIICHHBIX TAINIOTUIIOB MO PACCMOTPEHHOMY yYacTKy MHTOXOHAPHAIBLHOTO T€HOMA
OKAa3aJIACh HACHTUIHLIMA 1 ObLIN 00 beinHEeHb]). 2KHpHBIM MIPH(TOM BBIfICICHbI FAINIOTHIIL], BRISIBJIICHHBIE B HACTOSIIEM ¥IC-
cnegoBanuu. ['armmorun ALPG — cooTBeTCTBYIOIINI y4acTOK MUTOXOHJpHAIbHOro reHoMa S. oquassa (AF154851), rannoTunsl
FONG un FON - S. fontinalis (AF154850 u AF297987 cooTBeTcTBeHHO), NAM — S. namaycush (AF297989), LEU — S. leucomae-

nis (AF297988), SVET — Salvethymus svetovidovi (AF297990).

MY aHaJH3y, BKIFOYasl X BbIPABHUBAHUE, OCYIIECTB-
JISLIN ¢ UCoJib3oBaHneM nmakera MEGA3 [15].

Bcero Takum o6pa3zom y 47 ocobeii roIabLOB ObLITN
onpefiesieHbl HYKIJIEOTHAHbIE IOCIEOBATEIbHOCTH
¢parmenta MmT[JHK pgnunoit 510-511 nH. Paznmya-
OIIIecs] BAPMAHThI CEKBEHUPOBAHHBIX HAMU MTOCTIE-
JOBaTEJIbHOCTEN [IeMOHMPOBaHbl B 0a3e JaHHBIX
Genbank/NCBI mog Homepamu octyna DQ403177-
DQ403188. [ToMumo HUX B paGoTe UCIOIB30BaHbI 1O-
CIIEIOBAaTEILHOCTH FOMOJIOTMYHBIX y4acTKoB MTIHK
Pa3IMYHbIX BUAOB 1 (POPM I'OJIBLOB, CEKBEHUPOBaHHbBIE
APYTMMH aBTOPaMH U XpaHsimecs B 6a3e naHHbIX Gen-
bank/NCBI nog Homepamu AF154850-AF154851 [16] u
AF297987-AF298052 [9]. ITockonbKy Bce paccMOT-
PEHHBIE TIOCAEJOBATEIBLHOCTY UMENIM OOIMiA yya-
CTOK NepeKkpbIBaHMs AIUHON 481 IH, IMEHHO OH U
MOCTTY3KUJT OO0 BEKTOM CPaBHUTEIHLHOTO aHAIN3A.

OneHka (PUIOreHEeTUYECKUX B3aMMOOTHOLICHUIA
MT[IHK-ramioTunoB roibnoB BBIMOJHSIACh HA OC-
HOBE TPeX METOUUYECKUX MOIXOOB — 6all€COBCKOrO,
MaKCHMAaJIbHOTO TPAaBAONOA00NS M MaKCHMAaJbHON
9KOHOMUU.

BafiecoBckuit aHanu3 (UIOTEHUM TPOBOAUIH C
nomoIipio nporpammsl MrBayes Bepcun 3.1.1 [17]
Ip¥ OZHOBPEMEHHOM HCIOJIL30BAHUM [IBYX MOJIEJNEH
IS pa3HbIX YYaCTKOB (pparMeHTa KOHTPOIBHOH 00-
nactu MTIJHK ronsmos. [Ins mo3unuii 6e3 umHCep-
nui/nenennii 6bLTa 3aIeICTBOBAHA JByXIIapaMeTpH-

4yecKasi MOJIENb HYKJIEOTUAHBIX 3aMelieHnil Kumypnol
(K2P), yuuTsiBato1ias cyliecTBEHHOE peodaagaHue
B aosrouny MTHHK 3amen no tuny TpaH3uuuil Haj
TPaHCBEPCUSAMH, a JJIs1 (PUIOTEHETHUECKN HH(OpPMa-
THBHBIX NO3ULUH ¢ nHCeprusaMu/aenenuamu (Ne 41 u
196, cM. puc. 2) — craHgapTHasl AUCKPETHASI MOJIENb
[18]. Ananu3 MonTe-Kapso ¢ ucnoiab3oBaHUEM Lie-
neit MapkoBa (MCMC) BBINONHANYU IIyTEM OTHOBpE-
MEHHOTIO 3allycKa YeThIpex 1enei (Tpex “ropsynx’ u
OnHOI “X0s0/1HOI”) B Teyenne 5 X 10° mukios ¢ oT-
6OpOM KaXJIOro COTOTO U3 CreHEpUPOBaHHBIX fiepe-
BbeB. 113 50000 mony4eHHBIX IE€pEBLEB NIEPBbIE TPU
ThICSYU ObLTA OTOPOILEHBI, a OCTABLIUECS, XapaKTe-
pU30OBaBIIMECs CTAaOWIN3UPOBAHHLIM YPOBHEM W3-
MEHUYMBOCTH OLIeHOK npaBponopo6us (Lnl), mapamer-
POB MOJIeNIM HYKJIEOTAAHBIX 3aMEIIECHUI U JJINH iepe-
BbEB, NCMOIB30BAHbI 711 HOCTPOEHUSI KOHCEHCYCHOTO
(pUIOrEeHETHUECKOTO JiepeBa U TOJIyYeHHS] OLEHOK
arnoCTEPUOPHOI BEPOSITHOCTH €r0 BETBJICHUI.

OBpHUCTUYECKUN NOUCK Hambosee MpaBRoNofo0-
HBIX JilepeBbeB (ML-1epeBbeB) BBINONHINA C TIOMO-
mbto mporpammbl PAUP 4.0d81 [19] Ha ocHOBe Mofie-
au K2P B 30 HOBTOPHOCTSIX CO cydallHbIM XapaKTe-
POM BKIIIOUEHHS [TOCIENOBATEILHOCTEN B aHAJIN3 U C
nepecraHoBkamu 1o TBR-anropurmy. I1pu aTom no-
3ULUHN C MHCEPLMSIMU/AEIECIUSIMU U3 MaTPHULbl JaH-
HBIX OBLTM WCKIIIOYEHBl. Y CTOWYMBOCTH MOpSAKa
KJIacTepHU3aliil OLCHUBAJIACH C MOMOIIBIO JIOKalb-
Horo O0ytcrpana B 10000 mOBTOPHBIX ICEBAOCTYYaii-
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Ta6auna 2. Pacnipepienenne BbISIBJICHHBIX TalJIOTUIOB 1O 24 BbIOOpPKaM I'OJIbLOB

Howmep

T"annoTumnel

BBIOOPKH

LEU1 | LEU2 | BER20 | BER21 | BER22

BER23

OKHI1 | OKH2 | OKH3 | OKH4 | OKHS5 | OKH6

1 1*
1

[\

2%

O 0 9 N AW
—

10 1*

12

13 1
14 1*
15 1
16 1
17 1* 1

18 1*
19
20
21
22
23
24 1*

I1-oB KamuaTka
2k

Kypunbsckue octposa

O-B CaxanuH

ITpumopckuit kpait

1* 1*

1%*

1* 1*

HpI/IMe'-IaHI/Ie. 3Be3)10‘—lKaMI/I IIOMEYCHBbI raljioTUIIbI, HaﬁHeHHLIe Yy IpOXOAHBIX I'OJBIOB.

HBIX BbIOOpKax oneHok npasgonopooust (RELL-me-
Tox, mporpamma NucML n3 maketa Molphy; [20]).

OBpuCTHYECKUIT HONCK HanboJee 9KOHOMHBIX fie-
peBbeB (MP-epeBbeB) IPOBENIEH TAKKE € IOMOIIBIO
nporpammbl PAUP 1o HeB3BelleHHON MaTpUIle JaH-
HbIX (61 unoreHeTnyeckn MHGOPMATUBHBIN NPU-
3HaK, BKItovas nHcepiun/aenennn) B 100 moBTopHO-
CTSIX CO CIyYaiHbIM XapaKTepOM BKJIIOUEHHS Mocie-
[OBaTENBHOCTEN B aHANN3 M C MEePEeCTaHOBKAMU IO
TBR-anroputMy M OrpaHMYEHHEM MaKCUMAIBHO
BO3MOXHOTo yucna aepeBbeB o 10000. ¥Ycroitun-
BOCTb HOJIYYEHHOTO MOpSAAKAa KiacTepu3anu Oblia
ornieHeHa MeTofioM OyTcrpana B 1000 mceBmocmyyaii-
HBIX pemunkax (mporpamma PAUP).

BI/I3yaJII/I3aIII/IIO BO3MOXHbBIX BapUaHTOB MyTallu-
OHHBIX TIIEPEXO0B MEXKAY GHHSKOPOI[CTBGHHLIMI/I
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mt/JHK-ramiorunamu ocymiecTBisiid nyTeM o0b-
enuHeHnss MP-epeBbeB B (QUIOr€HETUYECKHE CETH
(UMP; [21]).

ITpoBepky ogHOpPOAHOCTH BBIOOPOK MO YACTOTAM
MT[IHK-ramioTunoB BbITOIHSIIN ¢ TOMOIIBIO MOJIH-
dunupoBanHoro kpurepust X2 [22], B KOTOpOM BEPO-
ATHOCTb IIPUHATHUS HYJIEBOI THIIOTE3bI OLICHUBAJIACh
o pesynbsTataM 10000 nceBgocny4yaiiHbIX epecTa-
HOBOK (nmporpamma MONTE u3 maketa REAP; [23]).

PE3YJ/IbTATBI

CexsennpoBanne ¢pparmentos resa TPHK-Pro
(27 H) 1 KouTpoasHOU obnactu MTHK (483-484 nH)
y 47 3K3. 4eTbIpeX BUAOB IOJIBIOB BBISBUAIO 12 pas-
anyHbIX BapuanToB MTIHK-rannorunos (tabin. 2;
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Puc. 3. Baiiecosckoe aepeBo (50%-nblit koHceHcyc 47000 nepeBbeB) ralIOTUIOB TOJBIOB, IOTYYEHHOE HA OCHOBE aHAIu3a
(pparmeHnTa KOHTposbHOM obnact MTIHK, nnunoit 481 nH. Y cTOMYMBOCTE OCHOBHBIX KJIafl aTbIMHOMAHBIX U MaJbMOMIHBIX
TONIBIOB W WX (PUIIOTEHETHUYECKUX B3aMMOOTHOIICHHI OTpaXKeHa B OIeHKaX 0aileCOBCKMX alOCTEPHUOPHBIX BEPOSTHOCTEH
(mepBasi qudgpa), a TAKXKE B IOKATBHBIX OyTCTP3MOBBIX MHEKCax ML-niepeBa (BTopas) i CTaHIapTHBIX OyTCTP3MOBBIX MH/EK-
cax, IoJy4yeHHbIX Ji1si MP-gepeBa (TpeThs), BOCHPOU3BEAIINX IO CYIIECTBY TaKyo e Tonosoruto. ITpoyepk o3HayaeT Boc-
MPOU3BOANMOCTE TAHHOTO Y3714 BETBIICHHS MEHEE TTOJIOBUHBI BCEX PEIUIMK OyTcTpana. 2KHPHBIMU TOYKAMH BBIJEIEHBI TaIlio-

THUIbI, BBIABJICHHBIC B HACTOSAIIEM UCCIECNOBaHUN.

puc. 2, 3). ITo gBa ranyotuna 0OOHapyKeHbI Y KyHIKHA
S. leucomaenis (LEU1 u LEU2) u y 6enoro romibia
S. albus (BER21 uw BER23). Y MansMebI S. malma naii-
neH onuH (BER21), a y 10XHOI a3uaTCKON MajbMbI
S. curilus — pecstsb ramnotunos (BER20-23, OKH1-6).
Ot 12 ramioTHNOB pa3feNWIACh Ha TPHU XOPOIIO
BbIpaXK€HHbIE TPYMIbI, pa3Inyaroluecs MeXay Co-
6011 o 14-20 nykneotugubiM nosuuusM: 1) LEUL u
LEU2; 2) BER20-23; 3) OKH1-6. BHyTpu Kakioi u3
STHUX TPYI YPOBEHb OTIIMYNN 3HAYATEITHHO HUXKE —
oT 1 10 6 HyKIIeOTUAHBIX no3unwmii (puc. 2). CpaBHe-
HUE BapMAHTOB CEKBEHUPOBAHHBIX HAMHU MOCIIEOBa-
TelnbHOCTEH ¢ nociiefoBaTenbHOCTIMA MT[ITHK ronb-
IIOB M3 reHeTnyeckoi 6a3bl maHHbIX Genbank/NCBI
[0 NMePEKPBIBAIOIIEMYCSl YYACTKY (IO3ULMHU C 5-1 1O

485-10 koHTpONBEHON 06mactr MT/ITHK, Bcero — 481 mH)
MMOKa3ajo0, YTO TaljOTUIBLI U3 NMEepPBOW TPYNIBI Xa-
paxkTepHsl A5 S. leucomaenis (cM. puc. 2, 3; Tabin. 3).
TammoTunel ©3 BTOPOH TPYNNUPOBKHU SIBISIOTCS
MIPECTaBUTEIIIME PaHee BbIIeIEHHON bpyHHEpoM 1
coasT. [9] mTIHK-¢punorpynnsr BERING, naiigen-
HOHl UMH NPEuMYIIeCTBEHHO Yy S. malma. I1pn atom
ramwtorun BER21 no gannomy yuyactky MTJHK Hu-
yeM He oTiimyajics oT ramnotunoB BER3, BER7 n
BERS 13 yxazanHo# paboThl. 'anmoTunsl ke u3 Tpe-
Thell rpynnuposku (OKHI1-6) bpynHepoMm u coasT.
[9] Hafinens! He ObIMM U cocTaBuau HOBYIO MT/IHK-
(punorpymy, a1t 0603HaYEHNSI KOTOPOH MBI BBOTUM
Ha3zBaHnue OKHOTSKIA.

I'EHETHUKA Ttom 43 N2 2007
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Taoanna 3. CpefgHee YuCIIO HYKIEOTUAHBIX pasnuuuil (quctanuus K2P, X100) mexnay Bupamu u/unu MTIHK-punorpyn-

IaMH aJIbIIMHOUAHBIX 1 MaJIbMOUJHBIX I'OJIBIIOB

Ne | Bup/dunorpynma 1 2 3 4 5 6 7 8 9 10
1 | S.fontinalis 1.05

2 | S. leucomaenis 5.70 1.27

3 | S. namaycush 5.79 3.36 -

4 | Sv. svetovidovi 5.32 3.66 3.43 -

5 | OKHOTSKIA 548 3.71 3.80 2.74 0.57

6 | ACADIA 6.61 5.04 5.03 3.74 3.19 1.06

7 | SIBERIA 6.04 347 3.51 2.56 2.58 2.24 0.70

8 | ATLANTIC 6.55 3.84 3.87 3.12 2.38 2.33 1.40 0.80

9 | ARCTIC 6.47 4.51 5.09 3.04 4.52 4.46 3.59 4.24 1.09
10 | BERING 5.15 3.29 4.08 2.75 2.76 2.36 2.05 2.20 2.61 0.54

CornacHo TNpPOBEJEHHBIM pacyeTaM JUCTaHUUI
(Tab:. 3), cpeay MIECTH IPYIIUPOBOK ANBIMHOUIHBIX
u ManbMOUAHBIX TOoNbIOB MTHK-pumorpymnms:
ATLANTIC u SIBERIA neMOHCTpUpYIOT HaubOIb-
mee cxopctBo Apyr c¢ apyrom. OKHOTSKIA n
ACADIA, xopomio pa3nu4asich MeXAy co0o0ii, yaae-
Hbl OT IIEPBOW Iapbl NIPUMEPHO B OJJHOM U TOM XKe
crenenn. Hambonee o60cobiaeHa oT BceX (puimorpyi-
ma ARCTIC. ®unorpynma xe BERING, a Takxe ra-
miotunn SVET (Sv. svetovidovi) paBHOyHaleHbI OT
BhILIeniepeunciaceHubIX msiTu MTIHK -punorpynm.

Ha c¢punorenernyeckoM fepeBe, MOIYYEHHOM B
pamkax 6aitecoBckoro moaxopa (LnL = —2012.80),
Mt[JHK-pumorpynma BERING cocraBmwia opHy
kaany ¢ MTJHK-dpunorpynnoit ARCTIC, a fpyry:o
kaapy ciaoxunn MTIIHK-dunorpynner ATLANTIC,
SIBERIA u ACADIA (puc. 3). Ilo oTHOLIEHHIO K
obouM  OOBEAMHEHUSIM  TIpylna  TramjloTHUIIOB
OKHOTSKIA, a takxe ramnotun SVET 3ansinu Ga-
3aJIbHOE MOJIOXKEHHE.

B pe3ynbTaTe 3BpHCTUYECKOTO MIOMCKA HA OCHOBE
KPHUTEPHS MaKCUMAJIBHOTO IPABAONOAOOHS C HCIOJIb-
3oBaaueM mopenu K2P 6110 Hanmerno 13 ommHakoBO
npaBonofoOHbIXx AepeBbeB (LnL = —1908.76, oTHO-
IIEHNE CKOPOCTU TPaH3UIMN K CKOPOCTH TPaHCBEP-
cuil —4.88), UMEBIINX IPAKTUYECKHU Ty K€ CaMyO TO-
[IOJIOTHIO, YTO U IEPEBO, IIPE[ICTaBIEHHOE HA PUC. 3,
U IO3TOMY OHH 3JleCh HE MPUBOASATCA. Mexkay coboit
9Tu 13 ML-epeBbeB pa3inyanuch JUIIb MUHOPHBI-
MU IlepecTaHOBKaMu BHYTpu rpynnupoBok BERING
n ATLANTIC.

Tomnosiorus aepeBa, NMpeacTaBISBIIErO CTPOrUi
koHceHcyc 10000 opnHakoBO 3KOHOMHBIX MP-fiepe-
BbeB (fiuHa — 148 maros; nagekc coorBeTcTBus CI —
0.51; uapgekc romomnaszuu HI — 0.49; unapexc ypepxu-
Bauus Rl — 0.87), npuHIUNINaIbHO HUYEM HE OTIINYa-
Jack OT 6aflecOBCKOTO JiepeBa Ha PUC. 3 U MO3TOMY
Tak>Ke He TpUBeJIeHA.

Takum 06pa3oM, Bce TPU UCHOTB30BAHHBIX MOJ-
xofa (OaiiecOBCKUI, MaKCUMAJIbLHOI'O MIPaBAoONOfO-
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Ousl 1 9KOHOMHUHU) B KOHEYHOM HUTOre MPUBEJH K Ofi-
HOMY U ToMy Xe Bapuanty MT[JHK-dpunorennn anp-
NUHOUJHBIX ¥ MaJbMOHMAHBIX ronbloB. Ilpu aTom
knaasl MTIHK-punorpynn OKHOTSKIA, ARCTIC
n ACADIA xapakTepu30oBaaiCch BBICOKMM YPOBHEM
noanepkku (cm. puc. 3). TuckpetHocts xe MTITHK-
¢punorpynn ATLANTIC u (oco6enno) SIBERIA ne
CTOJIb OYEBHJHA. BocnpoW3BOAMMOCTB Kilajibl
BERING okazanach paBHOI WM HECKOIBKO MEHb-
el ypOBHS NMOAAEPKKHU OCTAIBHBIX y3JI0B BETBJIE-
HUSI iepeBa Ha puc. 3 B TO €T0 4acTH, KOTOpasi OTpa-
’)KaeT NOpsAoK OOBEAMHEHUs] BceX IepEeUHCIeHHbIX
MtIHK-punorpynmn.

dunoreHeTnyeckue CeTH, HNOCTPOEHHBIE JIJIsi
MtHK-¢punorpynn OKHOTSKIA u BERING
(puc. 4), IeMOHCTPUPYIOT clienupUIECKUil XapakTep
HYKJICOTHAHBIX 3aMEIICHUN B U3YYEHHOM (pparMeH-
Te KoHTpoubHOM obsactu MTIHK ronsuos. JIro6oe
U3 MSITH MaKCUMAaJlbHO 3KOHOMHBIX JIEPEBLEB, MOJY-
yeHHbIX A rpynnuposku OKHOTSKIA, BkiarouaeT
B ce0s MOBTOPHbIE U OOpaTHbIE 3aMEHbI B OTHUX U
TeX K€ HYKJIEOTHUAHBIX No3unusax. PumoreHernye-
ckas ceThb ramnotunos rpynnupoku BERING, cym-
mupytomas 181 MP-fepeBo, TakKe AOIycKaeT MHO-
>KECTBEHHbIE TOMOIIJIACTUYECKIE HYKJIEOTUIHbIE 3a-
MEIIEHMS.

LlenTpansHOE MOJOKeHNE B (PUIOT€HETHYEeCKON
cetu rpynmupoBkn OKHOTSKIA 3annmaroT ramio-
tanbl OKH2 n OKH6 (uMerot 1o Tpu coeguHNTENb-
HbIX pedpa). ammorun OKH2 mmpoxo pacnpocTpa-
HeH (IIpumopbe, Caxanue u ror Kypuiabckux ocTpo-
BOB) U JJOMMHUPYET II0 4acTOTE€ BCTPEYAEMOCTH Y
FOXKHOM a3uaTckoil ManbMbl u3 IIpumopes. Bropoi
ralioTHN HaffleH JIMIIb €JMHOXJbl — Ha Iore 0-Ba
CaxanuH. 13 yeThbIpex ocTaBIIUXCS TAIUIOTHUIIOB IBA —
peAKue M HaljieHbl B HEOOJBIIIOM YHcle TOJIBKO Ha
rore Ilpmmopes (OKH1) mam cpegaux Kypmmax
(OKH4), a mpyrue gBa IMEIOT CPABHATEIHHO IINPO-
KO€ pacmpocTpaHeHne OoT ceBepHoro Ilpumopss o
cesepHbIX Kypun (OKH3 n OKHS).
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Puc. 4. Punorenernyeckue cetu ramnorunoB MTIHK-punorpynn OKHOTSKIA u BERING, nonyyeHHble METOIOM 00 bE1-
HeHUsl HauGoJsee 3KOHOMHBIX fiepeBbeB (UMP [21]). Ludpbl — MO3MIKN HYKJICOTHAHBIX 3aMEH B KOHTPOJBHOU OOJACTH

MtIHK roasnos (cM. puc. 2).

B menTpe dumnorenernueckoir cetu Mt AHK-pu-
norpynnel BERING Takxke pacnoisaraercs ramio-
THII, KOTOPBIIl HanboJIee YacTo, B CPaBHEHHUHM C JIpy-
TUMY TalVIOTUIIAMU U3 3TOM TPYNIIUPOBKY, IPECTaB-
JeH B BbIOOpKaxX IOXHOW a3WMaTCKOd MajlbMbl —
BER21 (naTe coepuHuTenbHBIX pedep). Kpome roxk-
HOU a3MaTCKOU MaJbMbl, 3TOT TallJIOTHUII HAUIEH Ha-
MH Y MaJIbMBI B Oesoro ronsia Ha KamyaTke u, Kpo-
Me TOTO, Cy/Is IO TUTEePaTyPHBIM TaHHBIM [9], TOT ke
BapHaHT UMeeTcd y MalibMbl Ha UyKOTKe M FO>KHOU
aMepHKaHCKOH ManbMBI S. lordii Ha Ansicke (TamyIoTHIT
BER21 no paccMOTpeHHOMY Y4YacTKy HEOTIWYMM OT
ramtotunoB BER3, BER7 u BERS u3 ykazannoii pa6o-
TeI). 'ammotun BER23, xapakTepusyrommuiics B ¢pu-
JIOTEHETHYECKON CEeTH TPEeMsl COEAMHUTEIBLHBIMA

pebpamu, HaiifeH y Gesoro ronbsua Ha KamuaTtke n'y
FO>KHOM a3MaTCKOU MaJIbMBbI ¢ ceBepHbIX Kypui.

HeckonbKo ranjioTunos, pasee HaifieHbIX bpys-
HEpoM U coasT. [9] y 6enoro ronsua (BER1) u mansb-
Mbl (BER2) na KamuyaTke, y ManbMbl Ha AJsicKe
(BER6 u BERY), y (roxH0I1?) ManbMbI ¢ 0-Ba [lapa-
myump (BER4-5), B Hammx cOopax He 0OHapyKEHBI.
Bce onm, 3a UCKIII0OUYEHNEM NIEPBOrO U3 NEPEUNCIICH-
HBIX, B punoreHeTnueckoi cetu MT[JHK-dunorpym-
nbl BERING 3anumaroT nepugepuieckoe mnojaoxe-
Hue. K nepudgeprieckuM MOKHO OTHECTH U JIBa Pefi-
KUX TaljioTula, HaifleHHbIX HaMU Y EUHUYHBIX
ocoOell FOKHOW a3uaTCKOW MallbMbl C ceBepa
(BER20) u rora (BER22) o-Ba CaxanuH.

I'EHETHUKA Ttom 43 N2 2007
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B nenom, o gyacroram Bcrpeyaemoctu MTJHK-
ramjaoOTUIIOB HAOTIOJAIOTCS OTYETIMBBIE MEXPETHO-
HaJIbHbIE OTJIMYMS MEXY BbIOOpKaMM FOKHOH a3m-
aTCKo# MajibMbl U3 [IpuMOpBS, C OQHOI CTOPOHBI, U
¢ Caxanuna u Kypuun, ¢ gpyroi (tada. 2). B BeiOopkax
F0>KHOM a3uaTckoit ManbMbl ¢ CaxanuHa u Kypui npen-
craBnenbl 00e MT[IHK-¢punorpymmer (BERING u
OKHOTSKIA)*, m mo yactoram mt[IHK-ramrorun-
OB B OO'BEIMHEHHBIX BHIOOPKAX 3TU fBa peruoHa
omHOpoaHbI — X? = 6.35, d.f. =8, P = 0.86. B IIpumo-
pbe ramnotunsl n3 MTAHK-punorpynmer BERING
HE HalJieHbl, a 10 yacToTaM ramiotunoB u3 MmTIHK-
¢punorpynner OKHOTSKIA o6beguHeHHas BbIOOp-
Ka FOXKHOH a3uaTckoi MaiibMbl U3 [IpumMopes u 00b-
efnHeHHas BbiOopka ¢ Caxanmna u Kypun rerepo-
rennsl — X> = 14.75,d.f. =5, P =0.001.

OBCYXIEHUNE

Ha ceropHsmHuil AeHb 0 pe3yjbTaTaM aHaIu3a
MOCTEAOBATENBHOCTENR JIEBOTO YYaCTKAa KOHTPOIb-
HOW 00/1aCTH MUTOXOHJPUAIIBLHOI'O F€HOMA aJIbIIMHO-
UJIHBIX U MAJIBMOMHBIX FOJIBLOB pofa Salvelinus BbI-
SIBJICHO HECKOJILKO 2BOJIIONMOHHLIX auHni MTIHK,
uMeronmx 6oJjiee WM MEeHee YeTKYI0 reorpaduye-
CKYIO NMPUBA3aHHOCTb U C TEM WU MHBIM YCIIEXOM
MapKUPYIOLIUX PA3IMYHbIE BUABLI U (POPMBI TOJIBIIOB
WY UX rpynnupoBki ([9], HacTosiiee cooO1eHue).

Tammoruner Mt IHK-pumorpynn ATLANTIC n
SIBERIA 1mmpoko paciupocTpaHeHbl B 3allaJHOM CEK-
Tope ApKTUKH OT m-Ba JlaGpamop mo BogoemoB Bo-
crouHoil Cubupu, oTHOCsIUXCS K 6acceny p. JleHa, u
HaleHbl Y apKTUYECKOro ToNbla S. alpinus U y Apyrux
BUJIOB ¥ (DOPM aNIBIIMHOUJHBIX TOJIBLOB, OOUTAIOIINX
Ha yKa3aHHOH TEPPUTOPUH.

CpaBHUTENBHO KOMIAKTHAS TPYIa ranjOTUIIOB
ACADIA pacnpocTpaHeHa B KaHA[ICKIX TPOBUHIIMSIX
KBeb6ek u Heto-bBpancyuk, rjae oOHapyskeHa B OCHOB-
HOM Y S. oquassa. B aToMm pernose, Kpome S. oquassa,
ranmiaotunsl fanHo# MT/IHK-nnHnn 3adpukcnpoBaHbl
TakKe B AByX mnonyisiuusax S. fontinalis (Mitchill,
1814) u S. namaycush (Walbaum, 1792), B KOTOpbIX
OHM IIOJIHOCTBIO 3aMelllaloT CBOIICTBEHHbIE 3TUM BU-
mam BapuanTel MTIAHK [24, 25]. N'annmoTtumn, 0603Ha-
YeHHBI B Hacrodmell pabore kak ALPG, Kak pas
IpefcTaBisieT BApHaHT MUTOXOHAPUATIBHOIO FeHOMa
S. oquassa, oka3aBuierocs y S. fontinalis B pe3ynbTa-
Te mpou3ouieaeil ux rubpuguzaguu (cm.: [16]).

* 3mech HEOOXOANMMO OTMETHTbh, YTO M3 BBIOOPOK, B KOTOPBIX
npucyTcTBOBaMM raminotrunsl o6enx MTIHK-dpunorpynn, npe-
mapaThl 71 CEKBEHMPOBAHUS MOTOOPaHbI HCXOAS U3 PE3yb-
TaTOB UX IPEJBAPUTEILHOIO I'€HOTUIMPOBAHNS IIPU HUCIOJb-
3oBanuu [1JPP-anann3a NoIHOro MUTOXOHIPUAIIBLHOTO T'€HO-
Ma WU ero pparMeHTa, KOAUPYIOLEro cyObequHunbl 5 1 6
NADH-perunporenassl.[0] [Toatomy uyacrorsl aByx MTIIHK-
cpunorpynn B Takux BeIOOpKax (CM. TabJ1. 2) He OTpaxKaroT UX
IEeHCTBUTENLHO BBISIBIICHHBIE COOTHOIICHNS (STH TaHHBIE Oy-
IyT ONyGIMKOBAHBI B APYTOM MECTE).
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T'annotuner MTJHK-¢punorpynnser ARCTIC pac-
IPOCTPAHEHBI B BOCTOYHOM CEKTOpE APKTHKH OT
YyxoTkiu o n-oBa JlaGpagop 1 HaliieHbl B OCHOBHOM
y aJbIMHOUHBIX TOJIBLOB U3 3TOT0 PETUOHA — FOJMb-
ua Tapanna S. taranetzi, 61U3KOH K HeMy (eciid HE
TOXKJIECTBEHHOH, cM.: [26]) “BocrouHoil ¢opmbl”
S. alpinus, S. elgyticus Viktorovsky et Glubokovsky,
1981 u S. boganidae Berg, 1926. Kak uckntoueHne
MOKHO paccMaTpUBaTh €UHUYHYIO HAXOMIKY Tario-
tuna ARC17 y S. malma w3 o3. I'anGpeiit, pacnosno-
>KEHHOTO B 30HE NEPEKPBbIBAHUSI apeajloB aJIbINHO-
UIHBIX 1 MaJIbMOWIHBIX TOJBIIOB Ha AJISICKE.

Tamnorune: mTJHK-dpunorpynner BERING Hait-
nensl Ha Yykotke (y S. malma), Ansicke (y S. malma
u S. lordii), Kamuatke (y S. malma u S. albus), Ky-
punbckux ocrposax (y S. malma u S. curilus) n Caxa-
nuHe (y S. curilus). IcXoast U3 TOTO 4TO pe3yabTaThl
HacTosiel paboThl U uccaeqoBanus bpyHHepa c co-
aBT. [9] MOTyT OBITH COIIOCTABJIEHBI C PE3yIbTaTaMU
pador mo IIJP®-anmammzy Mt[JHK [27-28], mo-
CKOJIBKY 4YacThb IPOaHAJM3UPOBAHHBIX OOpa3loOB
FOJIBIIOB cOOpaHa U3 OHUX U TeX Ke MecT (p. bemnas
y 6nocranumu “Cokon”, o-B Caxanus; p. KamyaTka
y Ouocranuuu “Pagyra”, m-oB KamuaTka), MOXKHO
yTBepXfaTh, uro ramioruns! duHun BERING pac-
MPOCTPAaHEHBI TaKXKe B CEBEPHON YACTH MOOEPEKbS
Oxotckoro mops (y S. malma).

Pacnpocrpanenue ramnorunos OKHOTSKIA
(“mpuMopcKre” BapUaHThI UM “FOXKHbIE” TallJIOTH-
bl B paboTax [6, 8, 28]) Ho4TH B TOUHOCTH NOBTOPSI-
et apean S. curilus — Kypunsi, Caxanus u Ilpumopse,
BKJIIOYasi H30JIMPOBaHHbIE OT OCHOBHOIO apeajla ee
MONYJISIUY U3 BEPXOBBLEB P. YccypH (cM. puc. 1, rae
KpyXKaMy 0003HaY€Hbl BBIOOPKU C TalljIOTANIAMU U3
rpynnsl OKHOTSKIA, a kBagpaTaMu — ¢ TalyIOTUIIa-
mu u3 rpynnsl BERING). 3a npepenamu apeana rox-
HOIl a3matckoil ManbMbl ramtorunsl OKHOTSKIA
MOKa HaifeHbl JUIIb B HECKOJBKUX BbIOOpKax S.
malma U3 pex ceBepHOH 4yacTu noodepexnps OXOTCKO-
0 MOp#, B KOTOPBIX UX YacToTa He npebimaeTt 10%
(paccuuTano mo fgaHHbIM paboT [27-30]). MmeeTcs
TakKe HH(POpMaudsli O TOM, YTO CBOWCTBEHHBIH
S. curilus BapuanT MT[IJHK, BbISIBIECHHBIN HA OCHOBE
CEKBEHHPOBaHMS (pparMeHTa TIeHa LUTOXpoMa b,
HaiifieH y OfHOI ocodu S. malma u3 pydbst Bunrouns-
ckmit Ha roro-Boctoke Kamuatkm [30-31]. Ho aTa Ha-
XOJIKa HE COrJIacyeTcsl C paHee ONyOIMKOBAaHHBIMU
pe3ynbraTtamu [1[1P®-ananuza mTJHK nanHO# BbI-
OOpKH MasIbMbI [29] 1 TpeOyeT NpOBEPKHU.

Cpemu mepeuncnensbix  MTIHK-pumorpynn
BERING n OKHOTSKIA nmerot nHanbosee o6mmp-
HYIO 00nacTb reorpauieckoro InepeKpbIBaHus.
ITockonbKy UX pacnpocTpaHEHHE B OCHOBHBIX 4ep-
TaxX COBIA/IAET C apeajaMu COOTBETCTBEHHO S. malma
u S. curilus, MOXHO 1oJaraTh, YTO caMo (POPMUPOBa-
wue MTJHK-¢punorpynn BERING 1 OKHOTSKIA
CBsI3aHO ¢ 000COOJIEHUEM 1 NTOCIERYIOIIEH 9BOTIONHN-
el yKa3aHHbIX BUJIOB roibloB. CMeNIaHHbII COCTaB
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MUTOXOHJIpHANBHOrO reHodgoHaa S. curilus ckopee
BCErO SIBISIETCS PE3yJbTaTOM T'HOPHAM3ALUN 3TOrO
Bupa c S. malma, npusepieit K neperocy MTIJHK ot
S. malma x S. curilus [3, 4, 8]. B cBsI3u ¢ 3TUM OTME-
THM, YTO XapakTepHas S-o0pa3Has KJIKMHA 110 YUCITY
MMO3BOHKOB M JIPYTUM CYETHBIM [UArHOCTHYECKUM
MpU3HaKaM, HaOJIFOaroIasicsl B 30He KOHTAKTa ape-
anoB S. curilus u S. malma Ha ceBepHbIX Kypumax
[4,32], MoxeT paccMaTpUBaThCsl KakK KOCBEHHOE
CBHAETENBCTBO TOTO, YTO THOPUAM3ALHUS MEXKAY HU-
MU HAET B HAcCTOslee BpeMs WM IPOUCXOAMJIA B
mponuioM. BeposTHO, UMEHHO 3TOT (PaKTOp U MPH-
BeJl K HEKOTOPOMY Pa3MBITHIO HUX MOpomormye-
CKO¥ IUCKPETHOCTH 3fiech. O HAJIWINK HA CEBEPHBIX
Kypunax nepexofgubIix oT S. curilus X S. malma nomny-
JALUN CBUAIETEIBCTBYIOT ApYrue Mopgonornyeckue
paHHble [33], a Takxke pe3ynbTaThbl aHaIu3a ajlilo-
3UMHOU u3MeHuYnBocTH [12]. B 1enomM cknagbiBaeTcs
BIIEYaTJIEHUE, YTO palioH ceBepHbIX Kypui siBnsgeTcs
30HOI rHOpUAU3aLNY STUX BUAOB FOJBIOB.

ITouemy ke oGnacTb mepeKphIBaHUS Teorpaduie-
ckoro pacnpoctpanenus ramotunos OKHOTSKIA u
BERING oka3sanach He orpaHu4YeHa paliloHaMH KOH-
TakTa apeanoB S. curilus u S. malma (ceBepHble Ky-
punbl, nodepexxbe OXOTCKOrO MOpPsl K CEBEPY OT
yCThs p. Y1a), a IpoTgHynack 6onee yeM Ha 1000 km
Baonb Kypminbckoro apxunenara u o-Ba Caxanna?

OTO MOXET ObITh BbI3BaHO HEIIOCTOSIHCTBOM €0-
rpaduyecKkoro pacrnoiioKeHus 30HbI UX THOpuUan3a-
UM BO BpeMeHU. BeposiTHO, B MpOIUIOM apeaibl
S. curilus n S. malma, Kak ¥ MHOTHX JIPYTUX BUJOB
PbIO, MEHSIINCH B COOTBETCTBUM C U3MEHEHUSIMU KIIH-
Mata. B mepmopbl miaencTOLEHOBBIX MOXOJIOAAHUI
apeasbl 3TUX FOJIbIOB PACIIUPSIIACH WK CMEIIAINCh
Ha 10T, a B IEpUO/bI NOTEIUIEHU — Ha ceBep. Torpa
obnacTe pacnpocrpaneHus ramnotunos BERING
BHYTpU apeaina S. curilus MOXeT OTpakaTh AUANa30H
[BIDKEHUS 30HbI THOpUAN3ALlUU B FOSKHOM Hampasiie-
HuK. To ecTb MBI osIaraeM, 4TO B IEPHOMBI MaKCH-
MaJbHbIX ITOXOJIOJAaHMH 3Ta 30HAa MOIJIA paclola-
raThcsd B roKHOW 4Yactu CaxanuHa u Kypuiabckoro
apxurnenara. BeposiTHO, 4TO MIMEHHO M30Jsus 6ac-
ceitHOB OXOTCKOTO M SITMOHCKOTrO MOpeil BO Bpems
perpeccuii ypoBHS MOPSI, UMEBIIINX MECTO B TIEPHOJBI
MOXOJIOJaHu (CM. KOH(pUTrypaluto OEperoBbIX Ju-
HUH 3TOTO parioHa B [34]), mpensTcTBOBaja MPOHUK-
HoBeHUIo ramnorunos rpynnsl BERING B MuTOXOB-
ApuanbHbIi reHogoHp S. curilus u3 BogoeMos Ipu-
MOpbg (Bce 164 3K3. 103KHOM a3MaTCKOIN MallbMbI U3
pa3anyHbIX pek [IpuMopbs, NpoTecTHPOBaHHBIX Ha-
mu MetonoM [1JIP®-ananuza mt/JHK, Hecan ramio-
tunb! tnann OKHOTSKIA — [6], Hamm Heony6amKo-
BaHHbIE JTaHHbIE). AHAJOTMYHBIM OOpa3OoM MOKHO
OOBSICHUTD U PA3INIMsl IPUMOPCKUX M CaXaJuHO-KY-
PHIIBCKUX BBIOOPOK S. curilus Mo cocraBy TramiioTH-
nos MTHK-dunorpynner OKHOTSKIA.

ITockonbky efuHUYHBIE 0co6U S. malma n3penka
(pukcupoBanmch B peKax ceBepO-BOCTOYHOTO mobe-

peXbs XOKKaifo, AAaJeKO 3a MpeferaMu FOXHON
CpaHMLbI apealia MaJbMbl (CM. CCbUIKM B [3]), ruOpu-
AWU3a1Us C TAKIMH OCOOSIMUA-MUTPAHTaMU — €I1[e OINH
¢pakTOp, KOTOPBII MOT BHECTU HEKOTOPBIN BKIIaj B
pacimupeHne o6iacTu reorpauueckoro nepeKkpbl-
BaHus atux MTJHK-cunorpynn [3, 4, 8].

PaccmaTpuBasi cknagplBaromiyrocss KapTuHy pu-
JoreHeTndeckux B3aumooTHomenuit MTJJHK-¢pumo-
CPYIII FONBLOB, HENB3sI OOOUTH BHUMAHUEM CIIEYIO0-
mee obcroaTenbeTBo. Ha punoreneTnyeckux aepe-
BbSIX, IOCTPOEHHBIX IO AJUIO3UMHBIM JIaHHBIM,
aNBITHOUHBIE TOJBIBI COCTABISIIOT MOHO(UIETH-
YeCKYI0 IPYNIUPOBKY MO OTHOIIEHUIO K MaJbMOUI-
HbIM rosblam [27, 35-37]. OgHako BO Bcex BapuaH-
TaX (PIIOTEHETUIYECKNX IEPEeBbEB, MOJTYUYEHHBIX Ha
OCHOBE CEKBEHHPOBAHUS YYaCTKOB MUTOXOH/[pUAIb-
Horo reHoma ([9, 30, 31, 38], cM. Takzke puc. 3), anbIu-
HOWJIHBIE TOJIBIIBI OKA3bIBAIOTCS MapaIe THIeCKON
IpYNIHUPOBKOM, IOCKONBKY CBOICTBEHHbIE S. malma
BapuaHTel MT[JHK HemsMeHHO pacrnosararorcs
BHYTPH KJ1a/ibl TAINIOTUIOB aJbIIMHOUAHBIX TOIBLOB.
XapakTepHble 71 FO>KHOU a3MaTCKOI MalbMbl Bapy-
anTbl MTHK mpu 5T0M 3aHnMaroT 6a3anbHOE (PUiio-
FeHETUIECKOE IOJIOKEHNE OTHOCUTEIBHO OCTAIBHBIX
CPYIIl TaluIOTUIOB, HAWAEHHBIX Yy MaJbMOWJAHBIX U
ambIMHOUIHBIX ToabHoB ([30, 31], HacTosIIEe cCOO0-
IEeHIE).

JlaHHBIA (paKT HABOAWUT HA MBICIH O TOM, YTO Ha-
tuBHas1 miist S. malma mT[JHK Moria 6bITh TOJIHOCTHIO
WY 4acTUYHO 3amelleHa uyxepopnon MTIIHK, mo-
JyYeHHON 3TUM BUJIOM WJIU €T0 MPENAKOBO (hopMoi
OT aJIbIUHOMJHBIX TOJIBIIOB B pe3ylbTaTe OIHOrO
UM HECKOJBKUX 3MU30[0B rubOpuansanuu. Takum
00pa3oM, Ha Halll B3IJISIfI, NPEACTABISIETCS BEPOSIT-
HBIM CIEHAapWUil OIIOCPENOBAHHON WHTPOrPECCUU
MTIJHK B MuTOXOHApHaNbHBIA reHOOHN S. curilus,
npoxojuBLIel B Ba 3Tana. Ha nepBom atane npo-
n3owes nepenoc MTHK ot ogHoro us npepcrasu-
Tenedl JIMHUU albIMHOWAHBIX TOJBLOB K S. malma.
Torpa aykeponnas MmTIHK pgana vavano ¢punorpym-
ne BERING, koTopasi co BpeMeHeM cTajla YUCIECHHO
npeobiafaTh B MHUTOXOH[pPUAIBbHOM TeHO(OHAE
S. malma. Ha Bropom aTane rubpupusanus S. malma
u S. curilus mpuBesa K BHEAPEHUIO B MUTOXOHJPH-
aJbHBIA F€HHBIN MyJ MOCIEJHEr0 BUJja raljaoOTUIOB
u3 rpymnbl BERING. B sToM cnyyae efuHHUYHBIE,
cBoiicTBeHHbIe S. curilus BapuanTel MTJHK, o6Hapy-
>KEHHbIE B MUTOXOH/IpUAJILHOM T€HHOM TyJie S. malma
u3 ceBepHOro OXOTOMOPBS, MOTYT paccMaTpUBaThCA
KakK clefjbl UX IPOLLIOro 60Jjiee MIKMPOKOro paclpo-
CTpaHEHUs y MOCIEHETO BUfA.

Mmuorouncnensbie (aKThl CBUAETEILCTBYIOT O
TOM, YTO ¥ CPeAu APYIuX roJabuoB Salvelinus MexBH-
[IoBasi UHTPOTPEeCCUBHAs THOpUU3alUsl, COIPOBOXK-
paromasics nepenocoM MTIHK — He pegkoe coObITuHE,
a o6wpryHOE sBeHue ([24, 25, 30, 31, 38, 39] u ap.). Bo-
Jiee TOro, MpOCJeKUBaeTCs ONpefesieHHas 3aKOHO-
MepHOCTh B HampasieHuu nepepaun MTIJHK. Kak
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MPaBUJIO, U3 IBYX BUOB r'OJILIIOB, BCTYMAIOIINX B T'U-
Opupnu3anuio, peuqunueHToM uyxkepogHod MTIHK
OKa3bIBAaeTCs BUJ], UMEIOIINI I0XXHEE PaclOIOKeH-
HbIIl apean [16, 24, 25]. TlosaTomMy npeaIoXKeHHbIN
CLICHApUii, HECMOTPS Ha BCIO €r0 KaXKyIIYFOCs CI0XK-
HOCTb, Ha HaIll B3IUISJ], BoJHe BeposiTeH. Cyns mo
“MeIoIMMCcs JaHHbIM (cM. [38—40], a Takke HUTUPO-
BaHHYIO B 3TUX HMCTOYHHUKAX JIUTEPATYpPy), MOXKHO
MIPEANONOKUTH, YTO TOXOXKasl CUTyallusl HabJIogaeT-
cs1 B Bocrounoii [Tanuduke, roe BO3MOKHO Mpou30-
ua onocpepoBaHHas nepepada MTIHK B nenu:
aNbIUHOUAHBIE TONBILI — ObIUbS (popens S. con-
fluentus (Suckley, 1859) — S. lordii.
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