


’/IAS'fd, /O’Zf/i S Ch[(

® ‘hwn’, and  |Karyotype and chromosomal yariability in smallmouth
> . ;

Lste Thu /nz%‘ as ~ Salvelir 2

@ V/U/(/l/m / f} [x‘l n(/

,/
f/ Jhe Ir’/mz Py
L 14

d'r [’aJ‘lﬂﬂ

(, 8 ﬁlZ';S‘
( o

T c~r-&1—f1’7‘ h 7 Wgﬂ




£ ) ¥
(gmpi? ﬁiw 5 rﬂJﬁJé

ﬁ«{b’ f,wot 3/ Ee /es




4 LNAno ;
k ¥ ples i

nesy 7 / .
i {(’ «?
R

a?dﬂba




.
v

i

e

:
™

.

n
-
‘f;‘
r;“
P

Z-‘,

a4

i
.

)

B!




AT B Natsk
RS & s S =

l.a.l pv«‘()'

1\\1 X

A

d{,a veegenee 5 4 [r

A l‘, 11 Nl ML

<lrwwr fol lu ITI/




s § § e 8 I

wmenphc

AIONC

{ |
Cons A
T

A~ and 80
a\ictl (P




(Lm“‘“/
















Karyotype and Chromosomal Variability in Smallmouth Char,

Salvelinus elgyticus, from Lake Elgygytgyn

S.V. Frolov
Institute of Marine Biology
Russian Academy of Sciences

Vladivostok

The karyotype of the endemic smallmouth char, Salvelinus elgyticus, from
Lake Elgygytgyn , central Chukotsk Peninsula, was examined. Although morpholog-
ical divergence of smallmouth char from other species of char is great, its karyotype
is similar to Arctic char, Salvelinus alpinus. It consists of 76-78 chromosomes, NF =
08. Almost all fish studied exhibited mosaics in chromosome number with a predom-

inance of cells with 2n = 77. The karyotype of the smallmouth char indicates that its

ancestor came from the Arctic region.

Introduction

There are two opposing points of view on systematics and phylogeny of char in Russia. The
main differences have centered on clarification at intraspecific and interspecific levels. One point
of view is based on recognition of a few “good” species—Salvelinus namaycush, S. fontinalis, S.

leucomaenis, and an extremely polymorphic Arctic char complex, grouped under S. alpinus. This




opinion has long been expressed by K.A. Savvaitova and her colleagues (Savvaitova, 1989). The

second viewpoint reflects the classification of Berg (1948) that Arctic and Pacific regions are in-
habited by numerous species of widely distributed and locally endemic char that can be separated

on the basis of morphological characters.

In recent years, new species of chars have been described that include two species from
Lake Elgygytgyn (Glubokovsky, 1977; Viktorovsky et al., 1981; Chereshnev and Skopets, 1990;
Chereshnev et al., 1989). These authors divide Palearctic char species into two phylogenetic
groups—a more primitive Arctic group of species that includes Salvelinus alpinus, S. boganidae,
S. czerskii, S. neiva, and S. taranetzi, and a more advanced Pacific group of species that includes S.

leucomaenis, S. malma, S. curilus, and S. albus.

Some questions on the char problem may be resolved by investigating endemic char of
some lakes in the Arctic region and the Kamchatkan Peninsula. Lake Elgygytgyn in the central
Chukotsk Peninsula has three highly divergent species of chars (Viktorovsky et al., 1981,
Chereshnev and Skopets, 1990). Two of these species—the longfin char, Salvethymus svetovidovi,
and the smallmouth char, Salvelinus elgyticus—are endemic to this lake; the third species, recog-

nized as Salvelinus boganidae, is a Siberian endemic.

The karyotype of the smallmouth char is described in this paper.

Materials and Methods

Karyotypes of 8 smallmouth char (3 females and 5 males) were studied. Fishes were cap-

tured by nets at depths between 5 and 100 m. Identification of samples as smallmouth char was




made by morphological features (Viktorovsky et al., 1981). After colchicine injection (1 ml of 0.5
percent solution per 100 g of body weight), chromosomal slides were prepared by the air-dry
method (Frolov, 1989). The main steps of this method are a kidney-cell suspension in 0.5 percent
solution of KCI, hypotonic treatment by 0.5 percent solution of KCI for 25-30 min, centrifugation
of suspension at 1000 rpm for 5 min, fixation of sediment by ethanol-glacial acetic acid (3:1) for 1
h, and placing samples of the fixed suspension on slides. Slides were stained with Giemsa (4 per-

cent solution in phosphate buffer pH 6.8).

Results

Results of chromosome counting in kidney cells in each fish are shown in the table. The
karyotype of smallmouth char is variable, consisting of 76-78 chromosomes with a constant NF =
98. Obviously, the variability of chromosome number is the result of Robertsonian rearrangement.
Almost all fish studied exhibit a mosaic in chromosome number with a predominance of cells with

77 chromosomes. No connection of chromosome number with sex was found.

The karyotype of 21 = 78 consists of 18 metacentric, 2 submetacentric, and 58 subtelo- and
acrocentric chromosomes, NF = 98 (Fig. (a)). Two of the four smallest metacentric chromosomes
have a satellite on their short arms. Submetacentric chromosomes are equal in length to metacen-
tric chromosomes of the second pair; they have satellites on their short arms too. Satellites are not

visible in all metaphase spreads and are often visible only in one chromosome of each pair

(Figure). Subtelo- and acrocentric chromosomes grade evenly from largest to smallest. The largest

are equal in length to metacentrics of the seventh pair; the smallest are much shorter than the
smallest metacentrics. In some spreads, the first pair of acrocentrics are distinctly longer than the

second pair of acrocentrics.




The karyotype 2n = 77 has one additional metacentric but two acrocentrics are absent (Fig.
(b)). An unpaired metacentric is somewhat longer than or equal in its length to metacentrics of the
first pair. Karyotype 2n = 76 is characterized by having two additional metacentrics and lacking

four acrocentrics (Fig. (c)). Cells with such a karyotype were noted in three fish.

Discussion

Study of chars in places of endemism and sympatry of different species can provide useful
information for better understanding their systematics, evolution, and phylogeny. Lake Elgygytgyn
in central Chukotsk is a typical refugium and site of endemism. It lies at an elevation of 490 m and

during the Pleistocene it was unglaciated and not submerged by the sea during ocean transgres-

sions. This lake was formed in a meteorite crater 3.5'—:0.5 million years ago (Gurov and Gurova,

1981). During the past, it has had higher water levels in some periods, flowing to the Kolyma
River (Arctic basin) and may have served as a refugium for char of the Arctic region. At present,

its outlet is to the Anadyr River (Bering Sea, Pacific basin).

The smallmouth char is one of three char species inhabiting the lake. It lives at depths of 50
m or more. According to morphological data, it has some similarities to chars of the Arctic group,
especially the Arctic char, Salvelinus alpinus (Viktorovsky et al., 1981); however, the great diver-

gence of smallmouth char reflecting adaptations for feeding on benthic planktonic organisms is -

unique among chars.




In spite of great morphological divergence, the smallmouth char’s karyotype is quite similar
to the karyotype of the Arctic char (Cavender, 1984; Hartley, 1989; Pleyte et al., 1989). The
smallmouth char karyotype of 2n = 78, NF = 98 is apparently identical to alpinus in gross mor-
phology. This similarity of karyotypes indicates that the ancestor of the smallmouth char came
from the Arctic basin. Considering the Pliocene origin of Lake Elgygytgyn and the degree of mor-
phological divergence of smallmouth char, it is strange that its karyotype shows so little diver-

gence. This appears to be an example of uneven rates of morphological and karyological evolu-

tion.

Polymorphic karyotypes are known in different salmonine fishes (Ohno et al., 1965;
Hartley and Horne, 1984; Hartley, 1988). It has been described in such chars as Salvelinus namay-
cush and S. fontinalis (Davisson et al., 1973), endemic chars of Lake Kronotskoye on Kamchatka
(Viktorovsky, 1978), and S. albus from the Kamchatka River (Frolov, in press). According to cur-
rent data, S. alpinus consistently has a karyotype of 2n = 78, NF = 98 in all populations in Canada,
Norway, and Scotland (Cavender, 1984; Phillips et al., 1988; Pleyte et al., 1989). One of 27 fish
from one population in Scotland (Hartley, 1989) had 2z = 77, NF = 98, and 80 chromosomes with
20 metacentrics were claimed for a relict population in Maine (USA) (Disney and Wright, 1987).

This type of chromosomal variability, however, differs from intra-individual mosaicism found in

smallmouth char.

Another peculiarity of the smallmouth-char karyotype is a predominance of cells with an

odd number of chromosomes. Almost 70 percent of the cells observed have 2n = 77, NF = 98. This

may indicate a tendency for reduction in chromosome number during evolution of this karyotype.
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[Figure caption]

Karyotypes of smallmouth char, Salvelinus elgyticus Viktorovsky et Glubokovsky 2n = 78, NF =

98 (a), 2n = 77, NF = 98 (b), and 2n = 76, NF = 98 (c¢). Chromosomes with satellites are under-

lined.




[Table]

Chromosome Numbers in Kidney Cells of Smallmouth Char

Salvelinus elgyticus Victorovsky et Glubokovsky

Number of cells

Fish No. NF = 98

D=4 2n =478

S
21
10

3
16

8

9

2
74
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Unusual chromosome set and constitutive
heterochromatin in new endemic salmonine fish

Salvethynus svetovidovi

S.V.Frolov
Institute of Marine Biology
Russian Academy of Sciences

Viadivostok

The karyotype of new endemic salmonine fish, Salvethymus
svetovidovi, close related to Salvelinus, from Lake Elgygytgyn
(Central Chukotka) was examined. It consists of very low for
salmonine fishes number of chromosomnes - 56, NF=98. Some
peculiarities of Salvethymus svetovidovi karyotype show its
likeness to karyotypes of Salvelinus alpinus and S.namaycush and
allow to propose that Salvethymus svetovidovi was separated from
common with other chars phylogenetic line earlier than any modern
species of genus Salvelinus. The rate of karyotiype rearrengements
during independent evolution of Salvethymus svetovidovi was

probably very high.

Introduction

There are tLhree species of salmonine fishes inhabit ancient
(more than 3 million years old) Lake Elgygytgyn in Central
Chukotka. Two of them - endemic for Lake Elgygytgyn smallmouth
char, Salvelinus elgyticus, and Siberian endemic boganide char,
S.boganidae, are typical members of genus Salvelinus as showved
their morphological and karyological characters (Viktorovsky et
al., 1981; Frolov, 1992, in press). But the third species was

described as nev genus and species of salmonine fish - longfin

char, Salvethynus svetovidovi (Chereshnev and Skopets, 1990).

Some of its morphological characters shoved that this species is
more similar to chars of the genus Salvelinus than to fishes of
other genera of Salmonidae. It was proposed that this fish is
more ancient than all modern species of Salvelinus and more close
related just to their ancient form (Chereshnev and Skopets,
1990) . Apparently the data about karyotype of longfin char will
be very useful for more clear idea in char’'s phylogeny the more

so, as it has very unusual for char f ishes chromosome set.




Materials and Methods
Karyotypes of 13 longfin chars (6 females and 7 males) were
studied. Fishes were captured by nets at depths 50-100 m. They

wvere identified as longfin chars by morphological fitures

(Chereshnev'and Skopetz, 1990) . Chromosomal slides wvere prepared

by air-dry method from kidney tissue (Frolov, 1989) after
colchicine injection (1 ml of 0.5 percent solution per 100 g of
body weight per night). Slides were stained with Giemsa (4
percent solution in phosphate buffer pH 6.8) or by the C-banding
method (Sumner, 1972).

Results

All fishes studied had 2n=56 karyotypes comprising 42
metacentric and 14 acrocentric chromosomes, NF=98 (table, fig.
1). Metacentric chromosomes are very similar in their morphology
and gradually decrease in their length. Sometimes few middle
sized submetacentrics can be visible in spreads (fig. 1, 2).
These chromosomes have different structure and may have
satellites or satellite-like structure at their 1long ( fig. 2a)
or short arms (fig. 2b) . Depend on presence or absence of
satellites these chromosomes are looked as metacentric or
submetacentric. Acrocentric chromosomes are very similar in their
length, all of them have not visible second arms. The longest
acreocentric chromosomes are considerably shortef than the
shortest metacentric.

C-banding revealed small heterochromatic bands at
centromeres of some metacentric and few acrocentric chromosomes.
The majority of metacentrics have large conspicuous C-bands at
one or both telomeres. All acrocentrics also have C-bands
att telomeres. The length of C-bands measured on enlarged
microphotograph (fig. ék vas 28.5% of the whole length of
chromosome set.

No differences between males and females karyotypes

found.

Discussion
Most of specialists suggest that karyotype evolution in
Salmonidae including Salvelinus was carried out mainly by

Robertsonian fusion and pericentric inversions in direction of
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lower numbers of chromosomes and chromosome arms (Viktorovsky,
1978; Hartley, 1989; Cavender and Kimura, 1989). Accoding to this
point of view such characters of char’'s karyotypes as higher
number of chromosomes (2n=84-86) which is accompanied by
low number of two-armed chromosomes, higher arm chromnosome
number (NF=100), gradual decreasing of acrocentrics length must
be regarded as primitive. Decreased numbers of chromosomes
and chromosome arms (2n=78-82, NF=98), appearance in karyotypes
of submetacentric chromosomes as result of periceniric inversion
and large acrocentric chromosomes as result of centromere shift
are considered as derived (Viktorovsky, 1978; Ueda and Ojima,
1983b; Cavender and Kimura, 1989).

Karyotype of longfin char contains only 56 chromosomes. Such
low number of chromosomes in karyotype is very unusual for chars
wvhich have as rule 76-86 chromosomes. But chromosome arm number
is tipical for Salvelinus - different species have NF=98-100
(Viktorovsky, 1978; Cavender, 1984; Cavender and Kimura, 1989).
Not. less than 22 Robertsonian fusion and 1 pericentric inversion
have taken place during evolution of its karyotype from karyotype
of salmonid fishes ancestor (roughly 100 acrocentric chromosomes) .
It assumes very high rate of karyotype evolution in longfin char,
which has as result of this process the most derived karyotype if
compare with Salvelinus species.

Among more than 50 karyologically studied salmonid fishes
only four species - Oncorhynchus gorbuscha (2n=52-54, NF=104),
Parasalmo apache (2n=56, NF=106), P.gilae (2n=56, NF=105) and
Salmo salar (2n=56-58, NF=74) have so derived karyotypes (Nygren
et al., 1968; Miller, 1972; Beamish and Miller, 1977; Gorshkov

and Gorshkova, 1981). So, karyobype of longfin char is one more

evidence for predominance of Robertsonian fusion in karyotype

evolution in Salmonidae. These data also suggest independent and
rarallel karyotype evolution in different salmonid taxa.

There are some marker chromosomes in Salvelinus karyotypes.
Cne of them are a pair of submetacentric chromosomes. The
presence of these chromosomes in karyotypes of some Pacific taxa
wvas one of the reason for dividing chars on two groups - Arctic
group with S.alpinus, S.namaycush and S.fontinalis and Pacific
group with S.leucomaenis, S.malna, endemic chars of Lake

Kronot.skoye (Kamchatka) (Viktorovsky, 1978). These chromosomes in




4

karyotypes of all Pacific taxa including S.confluentus was
pointed out by Cavender and Kinmura (1989) . Submetacentric
chromosomes can also be found in published karyotypes of Arcitic
chars taxa - S.alpinus (Phillips and Ihssen, 1985; Disney and
Wright, 1987; Hartley, 1989), S.fontinalis (Capanna et al., 1973;
Kligerman and Bloom, 1977; Ueda and Ojima, 1983b; . Ueda, 1987;
Hartley, 1991), probably S.namaycush (Phillips and Zajicek,
1982:; Cavender, 1984) , S.elgyticus (Frolov, 1992) and
S.boganidae (Frolov, in press). Arm ratio in submetacentric
chromosomes in these species is another - r=1.7 instead of r=2.0
in Pacific taxa.

There are also similar submetacentric chromosomes (r=1.7) in
some longfin char metaphases (fig. 1, 2). 'As rule these
chromosomes have visible satellites which are at the short arms
in some cases (fig. 2a, b) , but at the long arms in others (fig.
2¢, d) . Morphology of these chromosomes is metacentric in the

most. of cells or submetacentric in others depending on displaing

of satellites and secondafy constrictions. Evidently these

submetacentric chromosomes morphologically are more similar to
submetacentric chromosomes in karyotypes of Arciic chars taxa.

The presence or absence of very long acrocentric chromosomes
in char's karvoltypes is also considered as good character in
phylogenetic reconstructions. There are no such chromosomes in
karyotypes of S.fontinalis, S.namaycush, S.confluentus and
5. leucomaenis which have NF=100-102 (Ueda and Ojima, 1983a, b;
Cavender, 1984; Cavender and Kinmura, 1989) but another
karyologically studied chars with NF=98 have them in their
karyotypes (Nygren et al., 1971 Viktorovsky, 1978: Ueda and
Ojima, 1983b:; Hartley, 1989; Frolov, 1992, in press).
Salvethymus svetovidovi has NF=98 as the later chars, but has not
long acrocentric marker chromosomes. The only explanation may be
that these longfin char's acrocentrics have taken part in
following Robertsonian fusion. Some arns in 1st-3rd pair
metacentric chromosomes in longfin char karyotype are much longer
than the longest acrocentric (fig. 1), so this assumption is
quite probable.

Ammount of constitutive heterochromatin revealed by
C-banding method in longfin char karyotype is very large (fig.

3). The majority of char species studied by this method have
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small C-bands at centromeres of many chromosomes and very rare
have large C-bands at telomeres of few chromosomes (Ueda and
Ojima, 1983a, b; Ueda et al., 1991; Hartley, 1991, Frolov,
unpublished). Only tLwo species - S.alpinus and S.namaycush, have
large conspicuous C-bands at one or two telomeres in many
metacentric and acrocentric chromosomes (Phillips and Zajicek,
1982:; Hartley, 1989, 1991) . The number and length of large
C-positive bands at Salvehtymus svelovidovi chromosomes are
similar to those in Salvelinus alpinus and S.namaycush, but their
length probably is longer than in these species and is equal to
28.5% of the length of chromosome set.

Apparently Salvethymus svetovidovi is very ancient species.
Such assumption is based on knowledge of Lake Elgygytgyn history
(the Lake was formed 3.5:0.5 million years ago - Gurov and
Gurova, 1981) and morphological peculiarities of the species,
which suggest phylogenetical proximity of S.svetovidovi just to
ancestor of Salvelinus (Chereshnev and Skopets, 1990). At the
same time longfin char has karyotype with tvo different types of
characters. Some of them - submetacentric chromosomes with r=1.7
and very large ammount of heterochromatin, can be considered as
primitive. Salvethymus svetovidovi shares them with Salvelinus

alpinus and S.namaycush which are placed near the basis of char

Phylogenetic line (Viktorovsky, 1978; Cavender and Kinura,

1989) . Another characters - very low number of chromosomes 2n=56
with high number of metacentric and NF=98, more probably may be
considered as derived.

One may propose on the basis of karyvological data that
Salvethymus svetovidovi is actually ancient species which must be
placed in the basiz of phylogenetic line of char fishes (Lribe
Salvelini - Chereshnev and Skopels, 1990) . Morphological and
karyological characters suggest this point of view and are in
good coordination. But morphological and karyological evolution
in longfin char were carried out with different rates. Evidently
the rate of karyotype evolution in this species in such small
locality as Lake Elgygytgyn was extremely high if compare with
those in Salvelinus species. So now Salvethymus svetovidovi has
much more derived karyvotype than any species of Salvelinus.

Acknowledgment . The author thanks Dr. M.B.Skopets (Institute
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[Tablel
Chromosome numbers in kidney cells of longfin char

Salvethynus svetovidovi Chereshnev et Skopetis

Fish No Sex

2neBd 2n=55 . 2n*56 2n=57 2n=58

[Figures caplions]

Fig. 1. Metaphase and karyotype of longfin chayr, Salvethymus
svetovidovi Chereshnev et Skopets 2n=56, NF=98. Submetacentric
chromosomnes are underlined. Scale=10/Am.

Fig. 2. Submetacentric chromosomes of different morphology
(arrows) and those with satellites (arrowvheads) in metaphases of
longfin char, Salvet hymus svetovidovi Chereshnev et Skopets.
Scale=10/4m.

Fig. 3. C-banded nmetaphases of longfin char, Salvelhyrus

svetovidovi Chereshnev et Skopets. Scale=10/~m.
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MEXAHU3MbI TUOPEPEHIIUALIMU ITOJIOBBIX XPOMOCOM
Y JIOCOCEBBIX PbIb

C.B.®posos

Jlabopamopus nonyasuyuorHoli 6uonoeun Hucmumyma 6uonozun Mops ABO AH CCCP,
Bradusocnox 690032

B paGote 0606mieHb! JaHHbIE, Kacaromuecs npouecca AubdepeHHALHHN NOOBBIX
XPOMOCOM y JIOCOCEBBIX PbI6. DTOT IPOLECC PACCMOTPEH C AIByX CTOPOH — MEHETHUECKON U
Mopdonoruueckoit anddepentmanmu. IToKa3aHO OTIMUME MEXAHUMOB nubdepenumanuu
TI0JIOBBIX XPOMOCOM y PBIG OT TAKOBOH y APYTHMX MO3BOHOUHbIX JKUBOTHBIX. OTMEUEHA HE3a-
BUCUMOCTH npouecca 3BOJIIOLMHU IOJIOBbIX XPOMOCOM HE TOJIBKO B Pa3HbIX HAJABUJOBBIX TAK-
COHAX JIOCOCEBBIX PbI0, HO My PA3HBIX BUJIOB.

Mechanisms of sex chromosome differentiation in Salmonidae.
S.V.Frolov (Laboratory of Population Biology, Institute of Marine Biology, Far East
Branch, Academy of Sciences of the USSR, Vladivostok 690032)

The author generalizes on data concerning differentiation of sex chromosomes in
Salmonidae. Two sides of this process — genetical and morphological — are considered. The
differences in mechanisms of sex chromosome differentiation of fishes and other vertebrates
are shown. The independence of the evolution of sex chromosomes not only in different
superspecies taxa of salmonids, but also in different species is pointed out. (Biologiya morya,
Vladivostok, 1991, N §, p. 3- 17).

Huddepenumanns mogoBsIX XPOMOCOM Y IOAABJISIOMET0 GOMBIINH-
CTBA XHUBOTHBIX COIVIACHO TEOPHMHM, NpenioXeHHou Mriostepom (Muller,
1914), npouncxoauT myTem norepu (PYHKIMOHAIBHON AKTUBHOCTH M pe-
aykuun Y- 60 W-XpoMOCOMBI TeTeporaMeTHOrO 1o/1a. BHauase B OTHOM
U3 ap ayTOCOM MOSIBJISETCS ONPEAEISIONHIA IO/ TEH, PA3HBIE aJUIENH KO-
TOPOTO OOYC/IOB/IMBAIOT PA3BUTHE MYXCKOro GO XEHCKOro mosa. Pe-
3yJbTATOM 3THX TICHETHYECKMX pA3JIMUYMiA ABJASETCS MOAABJICHHE
KPOCCHHIOBEPA MEX/Y IOJIOBHIMH XPOMOCOMAMHM, UTO, B CBOK OYEPEb,
CIOCOGCTBYET COXPAHEHHIO B MOMOBOH XPOMOCOME Ie€TEPOraMeTHOTO 1M0J1a
BPEIHBIX PEUECCHMBHBIX MyTanui. Haxomsce B rerepo3uroTHoM cocros-
HUM, ITH MYTALUH CIOCOOHB HAKATLIMBATHCS, IPUBOAS K MOTepe (hyHK-
LIHMOHAJIBHOM AKTHUBHOCTH =M TETEPOXPOMATMHHM3ALMKA YACTH . ITOM
XPOMOCOMBL.  3aBEPIIAET IPOLECC SIUMHUHALMS TETEPOXPOMATHHOBOTO
ydactka Y-(W-)XpoMOCOMBI, IPUBOASIAS K TIOSIBJCHHIO MOP(oIornue-
CKHX Pa3/IMYuid MEXMY IOJIOBBIMI XPOMOCOMAMH IeTEpPOraMeTHOrO MoJia.

Audpdeperupanus nosoBBIX XPOMOCOM pHO OCYIIECTBASIETCS He-
CKoabKO uHaye. CHaltiazna m3oMOpdHbIE MOOBEIE XPOMOCOMEI, KAK M y
APYTHX XHBOTHBIX, Pa3/IMYAlOTCS IO HAJIMYUIO B HUX PA3HBIX aJUIe/ei
OHOrO WMJIM HECKOJIbKUX ONpPEAESIOmUX 1oa reHos: (Kumprnumunmkos,
1979; Gold, 1979). Mopdonornueckue Xe pasmuuus MEXAY MOJOBHIMHU
XPOMOCOMaMH BO3HHMKAIOT NYTEM DPa3HOOOPA3HBIX XPOMOCOMHBIX TEpe-
crpoek. MHBepcuu 1 aenenuy IpUBOAST K HE3HAUYMTEIBHEIM MX MOpPdho-
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jormueckum pasanunsam (Ojima, 1982, 1983), a Tpanc/IOKaUMK ITOJIOBBIX
XPOMOCOM Ha AyTOCOMBI -~ K 00PA30BAHUIO CHCTEM MHOXECTBEHHBIX ITOJIO-
BBIX XPOMOCOM, KOTOPHIC Y PbIG OUCHb PA3HOOOPA3HBI M MHOTOUMC/ICHHBI.
Takoit MexaHu3M Mopdoaornueckon auddepeHInanyu MOI0BbIX XPOMO-
coM O0YCIOBIMBAET CYIECTBOBAHUE PA3HBIX CHCTEM ONpPEAEICHHS oA y
IpPENCTABHTEICH OXHOTO CEMENCTBA M AAXC poma. T'erepoxpomarmHn3a-
LMK OJIOBBIX XPOMOCOM y pHIO, Kak mpasuio, He nmpoucxonut. OHa orMe-
uyeHa B Hacrosiiee BpeMs jumb y Heckoabkux Bugos (Ojima, Takai,
1979; Haat, Schmid, 1984; Galetti, Jr., Foresti, 1986). IIpu sTom renern-
YECKME pa3/IMuMsl MOJOBBIX XPOMOCOM y OOJIBIIMHCTBA BHMZAOB OCTAKOTCH,
MO-BUAMMOMY, HA yPOBHE HEMHOTHX ONPEREISIOMUX ITOJ TCHOB.

Cem. Salmonidae kaprosIorHuecKy U3yUYeHO AOCTATOYHO TMOJIHO: M3-
BecTHBL Kapuorunbl 56 sunos (709, u3 npu3HABAEMBIX PA3HBIMU ABTOPA-
mu). OfHAKO AAHHBIE O LMTOTEHETHUECKMX MEXAHM3MAaX ONPEHE/CHUS
10JIa y JIOCOCEBHIX PHIO H0 HENABHETO BPEMEHM OTCYTCTBOBAJIM, UTO HMpPH-
BEJIO K MPEATONOKEHMIO 00 W30MOP(HOCTH MOIOBBIX XPOMOCOM y 607ib-
MIMHCTBA BUAOB cemeiicrsa (Kupmuunuxos, 1979,1987; Gold, 1979). K
STUM B3LISAAM CKJIOHSJIOCH OOJIBIIMHCTBO KaPHOJIOroB, pa00TaBIINX C JIO-
coceBbIME prifaMu. PeayisTaToM SIBHJIOCH TO, UTO OO/IBIIMHCTBY HCCIEA0-
BAHMI KAPMOTUIIOB JIOCOCEBBIX pHIO OBITM CBOMCTBEHHBI TE XKe
HEZOCTATKH, 4TO M paboTam Ha APYTMX TPYNIax pHIO: MCCIEHOBAHUE Ka-
PHOTUIIOB EAMHMYHBIX 0COOCH; MTHOPMPOBAHME I0JIA MCCICAYEMBIX 0CO-
Geil; WCHOMB30BAHME [UIS ONMMCAHWS KAPUOTHIOB SMODHOHOB M
HETIOJIOBO3PEJBIX 0coBel; Maa0e UMCIO KJIETOK (dacTo 2-5), MCCexye-
MBIX Y KaX[o# 0co0u; MOBEPXHOCTHBI AHANW3 KAPUOTHNA, ONMCAHKE
JIMIIb OCHOBHBIX €r0 IPU3HAKOB.

IIpu 5ToM GOJBIIMHCTBO MCCAEAOBaTeseH 00pamiani BHUMAaHUE HA
pasMuMs KapuMOTUIIOB y 0co0eil pa3HbIX MOMy/sUuid, pac, BAPUAHTOB
CKPEIMIMBAHMI ¥ MO3aULM3M, HO TOJIBKO HE HA Pasnuuusi KAPHOTUIIOB Y
ocobeit pasuoro nosa. IToHATHO, UTO OOHAPYKEHHUE TETEPOXPOMOCOM IPH
TAKOM TIOAXOE K MCCACAOBAHMIO KAPHOTHNA KpawHe MpobaeMaTHyHO M
BO3MOXHO TOJBKO B CJAy4asx PEe3KUX pasamuuii MOphoaoruy WM Yucia
XPOMOCOM B KAPHOTHMIIAX CAMOK ¥ CaMI0B. BO3MOXHO, HIMEHHO 3TO ABJIS-
©TCs OZJHOM M3 NMPUUMH YIIOMUHAHUIA B JuTepaType 60/bIIOro YKC/aa BU-
JIOB PBIO C MHOKECTBEHHBIMU ITOJIOBHIMH X POMOCOMAMHM.

B ¢BSI3U C 5TMM HE YAMBUTEABHO, UTO MEPBHIC COOOIIECHMS O HATMYMA
y JI0COCEBBIX PHIO reTepoMopdHBIX IOIOBBIX XPOMOCOM NOSBIIMCD, KOIAa
KapuoTHIEl 6osbIIMHCTBA BUAoB Obutn yxe ussecthnl (Thorgaard, 1977,
1978). T'erepomoptHBIE MOJOBBIE XPOMOCOMBI OBLTH OOHAPYXEHH y pa-
ayxHoit dopenu Parasalmo gairdneri n nepku Oncorhynchus nerka, xa-
PHOTHMITBI KOTOPHIX MCC/IEN0BAMNMCH A0 3TON0 MHOrokpaTHo. [lanpHenume
nccaenoBanus He Toabko moxreepanau otu gauusie (Ueda, 1983; Ueda,
Ojima, 1984a,b; Illenenkosa, 1986; ®ponos, 1990a), HO u mpuBEaH K
BBISBJICHMIO TAKUX XPOMOCOM €ILE Y TPeX BUAOB — AMEPUKAHCKOM 03€ep-
noit naauu Salvelinus namaycush, Mukuxu Parasalmo mykiss u cubup-
ckoit psnymxu Coregonus sardinella (Phillips, Ihssen, 1985; ®posos,

1989, 19906).
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Ienernyeckas quddepeHUMALMS NOJIOBbIX XPOMOCOM Y JIOCOCEBBIX PbIO

Y GosnbIIMHCTBA KAPHOIOTMYECKH MCCIEIOBAHHBIX BUIOB JOCOCEBHIX
pbi6 rerepoMopdHbIE TOIOBIE XPOMOCOMBI HE BHISBJACHA, QUEBHIHO,; ITO
MOXHO OOBSICHHTH HE TOJBKO PACCMOTPEHHHIMM TIPHUMHAMH METONHUEC-
CKOI'0 XapakTepa, HO ¥ TEM, UTO TIOJIOBBIE XPOMOCOMBI Y PHIO 3TOT0 ceMeii-
CTBA HAXONATCA HA DAasHBIX Ccragusax AucdbdepeHuManum U y Kako#-To
4acTu BUJOB ACUCTBUTENHHO M30MOpdHEL. B GonpmmHCTBE Cnyuaes u3o0-
MOP(HBIE IOIOBBIE XPOMOCOMBI Y JIOCOCEBBIX PHIO HE BHIIB/ISIOTCS U C TO-
MOIIBIO METONOB AM(@EPEHINANPHOIO OKPAIIMBAHMS XPOMOCOM, B TOM
uncae u Merofa C-okpammBanus, 3¢ (HEKTHBHOTO IS BHISBACHUS TeTe-
POXpoMaTHHU3MPOBAHHBIX Y-(W-)xpoMocom y apyrux xuporHbX (Abe,
Muramoto, 1974; @ponos, 1981; Ueda, 1983; Ueda, Ojima, 1983, u ap.).
Io-BuauMoOMy, Tak#e HOJOBBIE XPOMOCOMBI PA3JIMUAOTCS MO HAAHUHIO B
HHUX Pa3HBIX aJUIE/IEH ONHOrO MJIM HEMHOTHX OTPENE SO 10 PeHOB,
MX BOSHUKHOBEHME HE COIPOBOXAAIOCh FETEPOXPOMATHHUZALUEH,

O HesHAUMTENBHBIX ICHETHYECKUX PA3TMUMIX H30MOP(HEIX MOJIO-
BBIX XPOMOCOM JIOCOCEBBIX PHO CBMAETEABCTBYET W BO3MOXHOCThH TOPMO-
HAJbHOW WHBEPCMM TOJA y BCEX MCCICAOBAHHBIX BHAOB. Ilpmyem
M3MEHEHHE TI0J1A BO3MOXKHO B 00€ CTOPOHBI — KAK TEHETHUYECKHX CAMOK B
beHOTHIIMUECKNX cAaMIOB (5 BHOB), TAK W IEHETHYECKUX camuos B he-
HoTunuyeckux camok (7 sunos) (Donaldson, Hunter, 1982; Yamazaki,
1983). [ HEKOTOPHIX BHOB MOKA33aHBI HOPMAJIBHOE PA3BUTHE U TLIOHO-
BUTOCTh HMHBEPTHUPOBAHHBIX ocobedl. CKpemnBaHWE MHBEPTHPOBAHHBIX
ocobeit ¢ HOpMATbHBIMU AAET BO3MOXHOCTh CYANTb O THIIE T€TEPOraMeT-
HOCTH y m3ydyaemoro Buaa. I1pu ckpemuBanny MHBEPTUPOBAHHEIX CAMOK
C HOPMaJIbHbIMK TOTOMCTBO COCTOMT TOJIBKO M3 caMok mpu X X—XY cuc-
TEME ONPEAETEHUS Nosia JuOQ U3 caMoK | camuos npu ZZ-ZW cucreme
OMpEne/ICHMS N0IA; TIPH CKPELUMBAHKWY MHBEPTHPOBAHHDBIX CAMIIOB C HOp-
MaJIbHBIMH OHO COCTOMT TOJIbKO M3 CaMLOB pu ZZ-ZW cucreme onpene-
JICHUS T0JIA M M3 CaMUOB M CaMOK IIPH CHCTEME ONPENACACHWUS IOA
XX~-XY. Takum myTem MOKa3aHa MyXCKasl TETEPOraMETHOCTh y pamyx-
Hoil openu P.gairdneri, xuxyua Oncorhynchus kisutch, uaBbun
O.tschawytscha (Johnston et al., 1979; Okada et al., 1979; Hunter et al.,
1982,1983).

Bonee Toro, npu ckpemuBaHny MHBEPTMPOBAHHBIX CAMIOB ((heHOTH-
nu4yeckux XY-caMok) ¢ HOpMaabHbIMU XY-CaMUAMM B MOTOMCTBE IIOJI-
yuaorcst ocobm Tpex renorunos: XX (@opmanpHsle camku), XY
(HopMasibHbIe caMifsl) M YY-camubl. YY-CaMIbl BIIOJIHE XHU3HECTOCOOHE
Y KMXyua, MMCIOLIETO, NO-BUANMOMY, H30MOP(dHBIE MOIOBHE X POMOCOMBI
(Hunter et al., 1982). ¥ panyxwuoii popenn, umeromeit rerepomopdrsie
TIOJIOBBIC XPOMOCOMBI, Y Y-CaMIbl HEXHU3HECIIOCOOHB! IO OOHUM AAHHBIM
(Johnston et al., 1979), Ho Hapsay ¢ YY-repmadponuTamMu HE TOMBKO
XKHU3HECTIOCOOHH, HO M IUTONOBUTH 1o apyrim (Chevassus et al., 1988).
ZKunsnecnocobHocTs YY-CaMLIOB CBUAETENBCTBYET 06 OueHb CAabbX TeHe-




THUCCKMX PA3JIMYMGX MOJOBBIX XPOMOCOM y KMXyYa M pamyXHou ¢ope-
AM, KOTOPBIX, OAHAKO, HOCTATOYHO Uil AOMUHAHTHOTO OonpenencHus Y-
XPOMOCOMOI MyXKCKOTO MOJa: y PagyXHoii ¢openu B (PeHOTUMAYECKUX
CAMIIOB Pa3BMBAIOTCH Aaxke TpUruionabl ¢ XXY MOJ0BRIMU XPOMOCOMAMH
(Thorgaard, Gall, 1979). A

CBezeHns O THIIE reTepOraMETHOCTH M CTENEHHM MeHETHYECKon aud-
(bepeHI ALY TIOJIOBBIX XPOMOCOM JA€T TAKXKE AHAJIN3 THHOTCHETHYECKO-
0 TIOTOMCTBA, PA3BMBAIOIIETOCS MCKIIOUATENBHO 32 CUET TEHETUUECCKOTO
Marepuana auna. B cayyae MyXCKo# reTeporaMeTHOCTH BCE OHO COCTOUT
13 CaMOK — reHoTHI XX, B CIydyae XEeHCKOM — u3 camuoB ZZ n camok WW
(ecs OHU BBUKMBAIOT). TakuM myTeM MOKAa3aHAa MYXCKas reTeporaMmeT-
HocTh y kuxyua (Refstie et al., 1982), rop6ymm O.gorbuscha (Makcumo-
suy, ITerposa, 1990) u xenckas y nessinu Coregonus peled (Ilonsxosa,
1985, 1987).

COOTHOIIEHNE MOJIOB B IEPBOM FTMHOTEHETHYECKOM IOKOJICHUH TIE/IsI-
a1 — 3 camkm:1 camiy. 910 OTBEpraeT MpeANOIOXEHH O CHCTEME OIpere-
nenns noaa ZZ-ZW, Tak KaK B 9TOM CJIy4ae AOIKHO Pa3BUBATHCS PABHOE
KOJIMUECTBO caMok u camiioB (WW-camok n3 ramer W u ZZ-caM1oB U3 ra-
et Z). CrucreMa onpeeseHns Moia y ey J0AXKHA BKII0YaTh MHOXKeE-
CTBEHHBIE TIONIOBBlE XpoMocoMbl ZZZZ-ZZWW (Ilonskosa, 1985).
OnmHako nosyueHue or caMok ZZWW B mepBOM IT'MHOrEHETHYECKOM II0KO-
AeHun cooTHOmeHns 3 camku:1 camuy Tpebyer pomyuenusi, uto Z- u W-
XPOMOCOMBI TIEJISIAM WMCXORHO TOMOJIOTMYHBI, Da3JMYaroTCsl TOJIBKO MO
ONpeEISIONIMM TOJI TeHAM M JIO/DKHBL KOHBIOTHPOBATH B Mel03e ¢ o6pa-
30BaHMEM TeTpaBaseHTa. M3 ofpasyomuxcs B 9TOM Ciayyae ramer ZZ,
ZW, ZW 1 WW u BO3MOXHO MOJyYEHHE B IIOTOMCTBE COOTHOIICHMS 3
camkn:1 camuy (camen ZZZZ, 2 camku ZZWW 1 XusHecriocobHas camMka
WWWW). B stoM ciayuyae OObSICHUMBI M PE3yJIbTaThl, IMOJYYEHHBIC BO
BTOPOM TMHOPEHETHUECKOM TOKOJICHMM, — HAJIMYME B TIOTOMCTBE OTHUX
FMHOTEHETHUECKMX CAMOK TOJIBKO CAMOK, a B IIOTOMCTBE APYIMX — M Ca-
MOK, 1 camuos (ITonskosa, 1987). OueBuaHO, UTO B IEPBOM CJIy4yae mo-
toMcTBO mosiyyero or WWWW-camMok, a BO BTOPOM — OT HOPMaJbHOM
ZZWW (COOTHOIIEHME MOJIOB B IOTOMCTBE AOJXKHO ObiTh 3 camkm:1 cam-
1Ly, KaK ¥ B [IEPBOM TMHOTEHETMUECKOM MOKo/1eHnn). Takoe oObsicHEHNE
pE3yAbTATOB HKCIEPUMEHTOB MIPEANONATAET HATMUKE Y MEJISIAN MOJTMMOP-
(bu3Ma 10 MOIOBBIM XPOMOCOMAM, TIOCKO/IbKY B HOPME CKPELLMBAHMUS CAM-
ku ZZWW ¢ camuoM ZZZ7Z noaxHO MPUBECTU K NMOSBJACHUIO B IIOTOMCTBE
camuoB ZZZW (m3 ramer ZW u Z7), a uX CKpPEIIMBAHME C CAMKaMu
ZZWW — x nosisiernto camoxk ZWWW. Ha ocHose oueHb c1a00i reHeTH-
ueckoil quddepeHINAnNHT MOMOBHIX XPOMOCOM Y JIOCOCEBBIX PHIO CyIecT-
BOBAHME TAKOTO MOJMMOpdM3Ma MoJ0BBIX XxpomocoM (camku ZZWW wm
ZWWW, camupr ZZZZ v Z7ZZW) npencrasasercs BIOIHE BO3MOXHBIM,
tem Gostee uTo CBOGOAHOE CKPENMBAHKME OCOOEH C TAKMMHU F€HOTHIIAMH B
CyMMe fmaeT cooTHomenme mosoB B moromctse 1:1. HamGonee uacro
BCTPEYAIOIUMACS TIPYM TAKON CHCTEME OMpEAEsICHHS T10/1a A0IKHBI ObiTh
resorunsl ZZWW (camkn) u ZZZW (caMmiipl).
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I'eTepoxpoMaTuHM3anUs TIOJOBBIX XPOMOCOM SIBJSIETCS BAa>KHBIM
aranoM ux audbepeHInanun y XUBOTHBIX MHOTMX TAKCOHOB. [IpakTiue-
CKHM BO BCEX C/lyuyasx reT€pPOXPOMATHHU3ALHNA M MOCAEAYIOMEMY YMEHD-
LICHUIO Pa3MEPOB NOABEPraroTcs Y- 1160 W-XxpoMocomsl. Y GonbIIMHCTBA
BHJIOB PHIO KaKk ¢ M30MOP(HBIMH, TaK M C TETEPOMOPMHBIMH MOJIOBBHIME
XPOMOCOMAMH FETEPOXPOMATHHU3ALMHM TOJOBBIX XPOMOCOM HE IPOMUCXO0-
auT. B HacTodmee BpeMs OHA MOKA3aHA TOJBKO y CepeGpsiHOro Kapacs
Carassius auratus (Ojima, Takai, 1979) u uetsipex BumoB pona Leporinus
(Galetti, Jr., Foresti, 1986).

Y nococeBBIX phIO reTepoXpOMATHHU3ANUM TIOJOBHIX XPOMOCOM TAK-
xe He mpoucxogur (Abe, Muramoto, 1974; Thorgaard, 1977, 1978;
Ueda, Ojima, 1984a, b; Phillips, Ihssen, 1985; Illenenxosa, 1986,
1987a; ®ponos, 1989, 1990a, 6). UckmouenmeMm gBasSETCd uyaBHIUA
O.tschawytscha, y xoropoii Habmonaercs nonumopdusm B Q-okpammsa-
HUHM HECKOJIbKMX Map AaKpOIEHTPHMYECKMX Xpomocom - (Phillips et al.,
1985). Xors pabora BHIONHEHA HA SMOPHOHATBLHOM MATEPHAJIE, AHAJIN3
OKPALIMBAHUS OQHOM M3 MAap 9THX XPOMOCOM B MOTOMCTBE TPEX CKPEIIH-
BAHUH MOKA3bIBAET, YTO PA3/IMYMS B OKPAIIMBAHWHM HOCST HACJIEHCTBEH-
Hbli xapaktep. Kpome Toro, onuH M3 TUIOB OKpAMIMBAHMS BCTPEUYAETCS
NpuGN3UTEIHHO y NOJIOBUHBI SMOPHOHOB M HE OTMEUEH B TETEPO3UIOT-
HOM COCTOSIHMM. JTO IO3BOJISIET AOCTATOYHO YBEPEHHO TPEAIIONATATH
CBs13b Ha6TI0NaeMoro nosMMophuaMa B OKpAIIMBAHMK OJHOM U3 AP XPO-
MOCOM C NOJIOBHIM AMMOP(U3MOM IIPH CHCTEME ONpEAeIcHUs moiaa XX-
XY. B orom ciyuae Mopdosornuecku uaeHTUUHbEe X- ¥ Y-XPOMOCOMBI
PasInYaroTCs TOJIbKO IO BEIUYUHE FETEPOXPOMATHHOBHIX OJIOKOB, BHISIB-
JISEMBIX JAHHBIM METOAOM OKDAUIMBAHMS, MPUYEM Y-XPOMOCOMA HMEET
OKpAaIIMBAEMBIN y4YacTOK 6osbimx pasmepos. Ilogo6Hbie pasinums mMor-
JI¥ BO3HUKHYTB, 10~ BAAUMOMY, TOJIbKO OQHHM MYTEM — 3a CYET FETEPOX-
POMATHHH3ALUMU  JOMOJHHUTEIBHOTO yuyacTKa Y-XPOMOCOMEL JTH
PE3yAbTATHl HAXOASATCS B COOTBETCTBUH C MMEIOIIMMICS JAHHBIMHE O reTe-
POTAMETHOCTH CAMIIOB YaBBIUM, IOJYUYEHHBIMM B 9KCIEPUMEHTAX 10 WH-
Bepcun mosia y 3roro Bupa (Hunter et al., 1983). OxonuarenpubiM
NOATBEPXKICHUEM CYIIECTBOBAHHUS y UABBIUM TAKOM CHCTEMBI TIOJIOBBIX
XPOMOCOM M MEXaHM3Ma UX FeHETHUECKOM nuddepeHIMaliy SBUINACH OBl
WICHTUYHBIC PE3YJbTATHI, TOJYUYECHHBIE NPH UCCAECAOBAHMH KAPHOTHUIIOB
0co6eit ¢ M3BECTHBIM MOJIOM. :

Mopdonoruueckas nudpdepeHHALUST TTOTOBBIX
XpOMOCOM y JOCOCEBBIX PHID

P o n. Salvelinus. B Hacrogmee BpeMs M3BECTHH KAPUOTHITH 8 BUIOB
pona, 5 3 HUX HCCAENOBAHBI C IPUMEHEHMEM METOMOB auddepeHI A
HOro OkpamuBaHus. I'erepoMopdHEIE MOJOBBIE XPOMOCOMBI BHISIBJIEHBI
TOJIbKO y AMEPUKAHCKOM 03epHOM nanuu S.namaycush (Phillips, Thssen,
1985). Kapmorunm 3TOoro BMAa MCCIENOBAIH A0 3TOTO HEOXHOKPATHO
(Wright, 1955; Wahl, 1960; Davisson et al., 1973). Oxnaxo pazanuns xa-
* PHOTHIIOB CAMOK M CaMIIOB He ObLIi OOHApYXEHBI, AaXe NORYEPKUBAIOCH
ux oTcyTCTBHUE. B TO X€ BpeMs Ha dororpadmax MeTathazHBIX IACTHHOK
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B Hekoropeix paborax (Kligerman, Bloom, 1977) mabaroparorcs siBHbIE
pasnuuud B MOphOJIOruM METALEHTPUUYECKMX XPOMOCOM OZHOWM M3 map.
DTu pasnauuMsg OTMEYa iy HEKOTOphie ucciepoBatenu (BUKTOpOBCKuMH,
1978), oguako npuunHa MX HE ObLIA SICHA M3-32 KPAWHEH OrpaHuUYCHHO-
CTH MMEBIIErocs Marepuana. JlocTOBEPHOCTh ITHX pasauumii Obuia HOKa-
3aHa TOJBKO C TMEPEXOmOM WCCHCAOBAHMN HA KAuyeCTBEHHO HOBBIU
METOOMUYECKHIA yPOBEHD PAOOTHI, B YACTHOCTH, C HAYAJIOM HCTIO/Ib30BAHMS
METOAa KyAbTHBUPOBAHMS TKAHEW, 00ECIEUNBAIOIIETO TAKOE KOJIUYECTBO
NPUIOAHBIX JJIS MCCICHOBAHMS MeTtadas, KOTOPOEe MO3BOMSET IPOBOANTD
nuddepeHIMPOBAHHOE N3YUCHNE KAPHOTHIIOB CAMOK U caMios. IIp -
HEHNE TPy 9TOM MeToAa Q- OKpalIMBAHUS, BHISBJISIIOIETO FETEPOXPOMa-
THHOBBIE  PAMOHBI  XPOMOCOM, TO3BOJIMJIO  BBISICHUTb  IPUPOAY
HaOropaemoro rerepomopdusma.

Kapuotum aMepukaHCKOM 03€pHO# MUK COCTOUT U3 84 XpoMocoM,
IPAYEM TOIBKO 16 M3 HuX ABymieune. [10I0BBIMY SBISIIOTCSI XPOMOCOMBI
BTOpOI MapHl ABYIUIEUMX XPOMOCOM, H3oMopdHbIe y camMoK (Mera- cyOme-
TAIEHTPUUYECKHE) ¥ TETEPOMOP(MHBIE Y CAMIIOB (METa- CyOMeTaneHTprye-
cKag u cybMeTraueHTpruueckas), T.e. cucrema onpeaeneHus noia XX-XY.
MapkepoM X-XpOMOCOMBI SIBJSETCA SPKO CBETAUIMIACS OJI0K reTepoxpo-
MAaTHHA B TEJIOMEPHOM paioHe ee 60Jee KOPOTKOro Tieua. Y-XpomMocoma
HE MMEET CBETAIErocda 0/0Ka, ee KOPOTKOE IUIEYO MEHBIIE KOPOTKOTO
mieua X-XpoMOCOMBI Ha BETMUKMHY 31oro 6;10ka. Takum obpazom, mopdo-
JIOTHUecKue pazanunsd X- 1 Y- XpOMOCOM HE3HAUNTEIbHEL X HAZIEXKHO BbI-
SABJASIOTC JMIOb TpU mcmosb3oBaHmm Q-merona mudibepeniu:
OKPAUIMBAHUS XPOMOCOM.

TerepoMopdu3m 6I0KOB rETEPOXPOMATHHA B OTHOM M3 Tap
YKMX XPOMOCOM OTMEYEH y ABYX BHIOB FOJBLOB, OMIM3KUX K AMEPUKAT
03EpHOM IMAJNH, — AMEPUKAHCKOW pyubeBOM nanuu S.fontinalis n a
yeckoro ronwsua S.alpinus (Phillips, Zajicek, 1982; Phillips, I
1985). IIpuueM y aMEepMKAHCKON py4beBOM MaJMK 3TA Napa XPOMOCOM
TAKXE BTOpad 10 pa3MepaM Cpexu ABymieunx xpomocoM. [Ipupoaa rere-
pomopduaMa 0;10KOB FETEPOXPOMATHHA Y ITHX BHUOB, OHAKO, HE SICHA.

ABTOpBI TPAKTYIOT MOPGOTOrMUECKUE PA3INYHSL MOIOBBIX XPOMOCOM
AME[WIKAHCKOM 03E€PHOM MaJMHM KAaK HAYAJbHbBIM 3Tan AuddepeHuyuanm
IOJIOBHIX XPOMOCOM, OCYIIECTBJISIIOMIENCS MyTEM H00ABICHHUS TETEPOXPO-
MATMHOBOro Marepmana K X-xpomocome. Crepyer, O@HAKO, OTMETHTD,
YTO XapakTepHOM ueprou AuddepeHIMAnU MOJOBLIX XPOMOCOM y BCEX
JMIIOMAHBIX OMCEKCYaJbHBIX OPrAHM3MOB SIBISIETCS €€ OCYILECTBICHHUE B
pe3yabTaTe uaMeHeHui HemapHout Y- wium W-xpomocomsr (Bull, 1978).
Wcknrouennsi n3 3Toro npasmwia — auddepeHunanms nojaoBbiX XPpoOMOCOM
IIyTeM M3MEHEHNS X-XPOMOCOMBI, UPE3BBIYAMHO PEIKH M HAJIEXKHO JOKA-~
3aHBI TOJBKO y OBYX BHAOB uepenax (Bull et al., 1974; Sites et al., 1979)
u onHoro Buaa peib (Qjima, Takai, 1979). Bosee BepostHo G6yneT, no-By-
OMMOMY, MPEATIONOXUTh, YTo Mopdonornyeckas auddepeHuuanmst mno-
JIOBBIX XpPOMOCOM y aMEPUKAHCKOM 03€PHOM NaJUy OCYIIECTBUAIACH Yy TEM
JEJENMHA TEJIOMEPHONO TEeTEPOXPOMATHHOBONO YyYacTKa Y-XpOMOCOMEIL.
DTO NMpPEANOA0XKEHNE BIOIHE BEPOSITHO, MOCKOIBKY AENCIUS FETEPOXPO-
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MATHUHOBOIO YUacCcTKa, HE CBA3AHHAY C norepcﬁ AKTHBHOI'O FTCHETHUYCCKOIO

MATEPUAsad, HE BAUSET 3AMCTHO HA XusHecnocobHocTs ocodeit. Ero Bepo-
STHOCTD

€T C YUETOM CBEICHHI O KAPUOTHUIIAX APYTHX
i oo Q-okpaumBanus. Y OZHOTO
a ABYIJICUMX XPOMOCOM, CXOXHAS IO pa3-

BHUAOB IO/
W3 HUX — MaJbMbl S.malma,

ceersmyecs 0JiOKM TETEPOXPOMATHHA B TEJIOMED-
Oro M3 Mmjaey. DT XPOMOCOMBI, OfXHAKO, M30MOP(HBI Y
E !nu!O 1974).

Oxn o6penuageT 9 BUIOB, IBA M3 KOTOPHIX — MHUKH-
ryaTckas cemra P.penshinensis, OOATaIOT HA TEPPUTO-
uribl O BUIOB OUEHB CXOIHBI MEXKITY COOOM M COMEPXKAT
i NF=104-106. CxoxHa 1 CTPYKTypa MX KapPUOTHUIIOB.
PUOTHUIBI JIMIIb TPE BUZOB pPONA — pamyXHou c¢openn
cocs Knapka P.clarki v MUKWXHA, U3YUYEHBI JOCTATOUHO
[EHHS O K w'wwm OCTaJIbHBIX BUJOB OTPBIBOYHBI M CO-
JEepXAaT JUIIb JAHHBIE O YMCIAX XPOMOCOM M XPOMOCOMHBIX ILIEY.

Pa yXHas ¢opens 9Bunach !‘!C,;B;JI\@ Cpeau JIOCOCEBBIX PHIO BUAOM, Y
KOTOpPOro ObuiM  ONMCAHBI TETEPOMOPGHBIC TOJOBRIE  XPOMOCOMBI
(Thorgaa,' 1977). mu okaszanach €OMHCTBECHHAS B KAapUOTHIE mapa
CyOTEA0LEHTPUUECKUX XPOMOCOM, KOPOTKHE IJICYH KOTOPHIX H30MOPGhHBI
y camoK u rerepomopdHbl y camios (cucrema ompegeneHus mona XX—
XY). IlogTeepXaeHneM HMEHHO TAKOM TPAKTOBKHU reTepomMopduama Cyo-
TEJIOLEH! OM SIBUJIOCh ONMCAHNE TAKUX XK€ pasjinumil y
CaAMOK M ) ] 1yxHOM chopesnu, pasBoAuMBIX B AmoHuuM
(Ueda, Ojima, 1984b). Ouenp HesHauuTeabHBIE MOPgOIOrnYecKue pas-
Jnung X- u POMOCOM, HAJWUYHE B MOMY/ISUMAX 3HAUMTEIbHOTO UKCIA
CaMILIOB C ¥ hHBIMU CV6TC NOLECHTPUUECCKMMHU XpoMocoMamMu (B Cpen-
HeM 179, - gaard, 1983) aBwioch, BEPOSITHO, OXHOM U3 IPHUUYMH TO-
0, UTO MOJIC XPOMOCOMBI 'y pamyXHou copenu Obuin 00HAPYXKEHBI
OGonee uem )e3 20 et mocne TEPBOOMMCAHUS €€  KApPHOTHIIA
(Bundenberg de Jong, 1955).

dem MITHl MUKHKHA W KAMUYATCKOM CEMIM MPAKTHYECKH UACHTHUHBL
KAPUOTHUITY yxHoM ¢opean. O6a BUOa TakXe MMEIOT B KAPHUOTHIIAX
OIHY nap OTEIOLEHTPUYECKMX XPOMOCOM, TETEPOMOP(MHBIX y CAMIIOB.
Kapuorun MUKWXE MCCACAOBAH JOCTATOUHO TMOXPOOHO, MOITOMY MOXHO
CHEIATH BHIBOX O TOM, 4TO CyOTe/0ueH lpnuc “KHU€ XPOMOCOMBI TOTO BHIA
SIBJASIIOTCSI T pimu (DO 1989). B orHOmIEHUN CyOTENOUEHTPHYE-
CKHX XPOMC IMYATCKOM ‘.gmm 9TO MOXHO TOJIBKO C ONPEHECJACHHOM
CTETCHBIO yBCpL‘HHOC’I‘H TIPEAMOIOXKUTE: €€ KApUOTHII HMCCACAOBAH HA
OYCHb OFPAHMYCHHOM MATEPUaJie, 3 OTMEUEHHOMY rerepoMopdusMy as-
TOPBI AT Apyryio TpakToBky (lopmkosa, I'opmkos, 1985). Takxe or-
PAHMUEHB! JdHHBIC O XPOMOCOMHBIX HA00pPaX aMEPUKAHCKUX BUIOB PoAa,
MMEIOMNX TAKOW X€, KaK M y pagyxHoi copenm, kapuorum: P.gilae,
P.aguabonita, redband trout (Miller, 1972; Gold, Gall, 1975; Beamish,
Miller, 1977; Gold, 1977).
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Mexanuam mopdosnornueckoit audpepeHumammu moaOBHIX XPOMO-
COM panyxxHo# Qopenn u mukmxu cxopen (Thorgaard, 1977; ®poJos,
1989). Ero MOXHO mpeAmoIoXnTh, MCXOMAs 13 MOpdoIOrHUEcKuX pasu-
umit X- 1 Y-xpomocoM. OHM BOZHHMK/IH, BEDOSITHEE BCETO, B pe3yJsibTare
ACJICLMA YaCTH KOPOTKOIO MJI€Ya Y-XPOMOCOMBI, MACHTHYHOI A0 ITOTO C
X-xpomocomoii (puc.l). TTpoTHBOMONOXKHBIN MEXAHN3M BO3HMKHOBEHHS
TAKUX DA3THYUA — AYIUIMKALMS TEJOMEPHOIO paiioHa KOPOTKOIO ILIeYa
X-XpOMOCOMBI, HE TIOATBEPXAAETCS AAHHBME C-OKpPAIIMBAHMS TIOTOBBIX
XPOMOCOM 9THX BHAOB: M X-, ¥ Y-XPOMOCOMBI y HUX UMEIOT JIMIIb HE3HA-
UUTE/IBHBIEC T€TEPOXPOMATHHOBHIE OJIOKM B NPHLEHTPOMEPHBIX PAMOHAX.
Bosuukmue mopdonormucckne pasamums X- u Y-Xpomocom HezHaum-
TEJIbHBI X JOCTOBEPHO BBHISBJISIOTCS JIUIIb NPH MCCAETOBAHMM OOJBIIOrO
YHCAa 0co0ei 1 GOJIBIION0 UNCAa KIETOK Y Kaxpou ux Hux. TpynHocTH B
BBISIBJICHUM TETEPOMOP(U3MA MOJIOBBIX XPOMOCOM 0OYC/IOB/ICHBI M HAJTH-~
UMEM Y PaXy>KHOM (POpETH CAMIIOB C H30MOPMHBIME MOJIOBBIMH X POMOCO-
MaMd, a y MMKMXH — MO3aMUU3Ma II0 [UIMHE KOPOTKOIO ILIeua
Y-XpoMOCOMBEI.

A @ 1 A2
Q 7 ; 7 Puc. 1. Mopdonoruueckas aud-
A U A YA (bepeHIMaLMs TONOBBIX XPOMOCOM MU~
X XX kuxu Parasalmo mykiss.
;4 i :,f. ? :': X — X-xpomocoma, Y — Y-xpomocoma
cEl—7% 0 — 010
wisay X Y X

3HAUMTETBHOE CXOACTBO KAPMOTHIIOB ¥ MPOSIBICHUS Mopdoornue-
CKO# An(h(hEPEHIMALMH TONOBBIX XPOMOCOM MHUKMXH H panyxHo# dope-
JIM TO3BOJSIIOT CHEJATh IPEANONOXEHHE M O CTEMNEHW TeHETHUECKO
Au(EPEeRTMALIA OTOBBIX XPOMOCOM Y MHKHMXH. IMo-Bunumomy, ona
CTOJIb X€ HE3HAUMTENIbHA, KaK U y pamyxHoi dopenn. U xors skcmepu-
MEHTOB IO TOPMOHA/IPHO! WHBEPCHH TI0JIA Y MUKMXH HE TPOBOLIIH, MX
PC3y/IbTAT HA OCHOBAHWM NPEACTABICHHBIX JAHHBIX HETPYAHO MPEACKA-
3aTh.

P o n Oncorhynchus. Kapuoruns Bcex 6 Bugos poza B HACTOSIIEE
BpeMst u3BeCTHHI (Simon, 1963; Muramoto et al., 1974; Fopmkosa, 1978,
H JIp.) ¥ MCC/IEAOBAHBI C MCTIO/b30BAHMEM METONOB AndpepeHImaIbHOTO
oxpamuBanus xpomocom (Ueda, 1983; Ueda et al., 1985; Phillips et al.,
1985, 1986; Phillips, Kapuscinski, 1987). Ognaxo y GONBIIMHCTBA BUAOB
HC BBISIBJICHBI PA3/TM4Ms HA B MOP(OJIOTHH, HA B OKPAIIMBAEMOCTH XPO-
MOCOM CaMOK ¥ caMIoB. Micnob3oBanHsil B GobIMHCTBE paboT SMOpHO-
Ha/MbHBI MaTepuan He AAaeT BO3MOXHOCTH ONHO3HAYHO TPAKTOBATH
Kakue-1100 pasinums aaxe IpH HATMYKN nosuMopdusma.

Haubonee mnompo6HO WCCIETOBAHHBIM BMAOM  SBJISIETCS HEpKa
O.nerka. Ona u3yuyeHa KapHOJOTHUYECKH M3 PA3HBIX MOMyJIIuii A3um u
Amepukn. Kak u B ciyuae ¢ PafyXHO# (hOpEsIbI0, KAPUOTHII HEPKH HC-
CJICAOBAJICS B TEUCHHE JVIATENBHOTO BPEMEHH, TIPEXKE YEM PA3THUMS Ka-
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PHOTHIIOB CAMOK M CAMIIOB 9TOTO BMAA OBUIM BHISBJAECHBL B AMEPHKAHCKIX
monyasiuuax (Thorgaard, 1978), xoTs OHM ¥ MPOSBAKIOTCS B PA3IMUMIX
ypces xpomocoM: y camuos 2n=57, NF=104, y camok 2n=58, NF=104.
OcHOBHA$s1 IPUYMHA ITOTO KPOETCS, OYEBMAHO, B TOM, UTO BO Beex Gosee
paHHHX paborax (u B psiae 6osiee MO3MHUX) MCIONB30BAICS TIPENMYIIECT-
BEHHO SMOPHOHAIBHBIN MATEPHAJI, 3 B3POC/bIE 0cO0H Jin60 MOJIOAD ¢ Au-
dbepenupoBaHHBIME TOHAZAMU JMImIb equHEMuHO (Simon, 1963; Sasaki et
al., 1968; Yepuenko, 1971, 1980; Fukuoka, 1972; Topmxkosa, 1978,
1980, u ap.). Kpome Toro, B HEKOTOPHIX MOMYISUMIX OTAEAbHBIE CAMIIBI
HEPKH, KAaK 0Ka3ajJ0Ch, MMEIOT CXOOHBIM C CAMKAMHM Kapuotun 2n=58,
NF=104 (Fukuoka, 1972; [lleaenkosa, 1986). UccaenoBaHud mocaeqaux
JIET MOJIHOCTHIO IMOATBEPAN/IN CYIIECTBOBAHNE PA3JINUYMiA KAPUOTHUIIOB Ca-
MOK M CAMIIOBR HEDKH: HCHTHYHbIC JAHHBIC OBUIA MOy YEHBI IPH HCCIEH0-
BAHMM KapHOTHIA HEpKM M3 pspa azumarckux nomyasumit (Ueda, 1983;
Ueda, Ojima, 1984a; Illexenkosa, 1986, 1987a,6; ®poaos, 1990a). I1o-
BUAMMOMY, TAKWE PA3JIMUYMS KAPUOTHIIOB CAMOK M CAMIIOB CBOMCTBEHHEI
HEpKe 10 BCEMY €€ apeany.

OTH pa3aMyus COCTOST B TOM, YTO B KAPMOTHIIE CAMIIOB MMeeTCs 47
MeTta- U cyOMeTaueHTpruueckux 1 10 aKpomeHTPHYECKMX XPOMOCOM, a B
KapuoTune caMok 46 Meta- u cyOMeTaneHTpuueckux 1 12 akponeHTpu-
YECKHX XPOMOCOM. MEXaHM3M MX BO3HMKHOBEHHS ObLJI PACCMOTDEH NP
nepsoM onucanuu (Thorgaard, 1978). O1o — Y-ayrocomuas Tpancioka-
nudg. Mcxons U3 CTPYKTYpHl KapUOTHIIA HEPKH, MOXHO MPEANOI0XHTD,
YyTO Y-XpPOMOCOMa M ayTOCOMA, yYacCTBOBABIUME B 3TOM TPAHCJIOKAILMH,
ObLTM AKPOLICHTPMUECKUMH (TaK Xe, KaK M X-XpoMocoma), T.e. 9Tta
TPAHCJIOKALUsI OTHOCUTCS K POoOEpPTCOHOBCKMM, HAaubosee pacmpocTpa-
HEHHBIM B 9BOJIIOLMK KAPHOTHIIOB JIOCOCEBHIX pHiO (puc. 2). B manHOM
CJlyyae 9Ta TPAHCJIOKAUHs OCYIIeCTBU/IACh, MO-BHAMMOMY, 0Oe3 morepu
YYacCTKOB yYaCTBOBABIINX B HEW XPOMOCOM, TIOCKOJIbKY HM B OfIHOM M3 aK-
POLICHTPUYECKUX XPOMOCOM KAPHUOTHMIIA HEPKHM BTOPHIE KOPOTKHE ILICUM
He HaOmonaoTcs. Bosee Toro, B 00pasoBaBmeiics TakuM 06pa3oM MeTa-
LEHTPUYECKOH Y-XPOMOCOME COXPAHEHBI, CKOPEE BCETO, 00€ LEHTPOMEPHI
HCXOIHBIX Y-XPOMOCOMBI M AyTOCOMBI. B 1107163y 9TOrO roBOpST pesybTa-
1ol C-oKkpamuBanus: Y-XpOMOCOMA MMEET B ABA pa3a OGosbmuii 610K OK-
PALIMBAIOLICTOCS TETEPOXPOMATHHA B MPHIIEHTPOMEPHOM DAMOHE, YeM
Jobast u3 akpoueHTpuyeckax xpomocom (Ilenenkosa, 1987a; ®posnos
1990a), B HEKOTOPHIX Cay4asix ITOT OJOK FE€TEPOXPOMATHHA BHINVISAUT
nsoinabM ([llenenkoa, 19876).

2800
X

X A A

4 Puc. 2. O6pasosanue cucte-

MbI MHO>KECTBEHHDIX I10JIOBBIX XPO-
MocoM Hepku Oncorhynchus nerka.
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HTo Kacaercs CTENEHM TeHETHMYECKOi auddepeHuMany MOMOBHIX
XPOMOCOM HEPKH, TO OHA, MO-BUAMMOMY, MHHUMAJIBHA M COCTOMT JIMIID B
HAMYAM B HUX PA3HBIX aJUICEH ONpPEAENSIOMErO Mo TeHa. B pannoM
cryuae Y-ayTOCOMHAS TPAHCIOKALHS, 00y C/I0BMBIIAS MOPdOIOrnYecKyIo
Rupdepermanuio X- n Y-xpomocoM, He COMPOBOXAAIACh CKOABKO-HH-
Oyab 3aMETHON mMOTEpeil reHEeTHYECKOro Marepuana Y-XpoMOCOMBI M
ayTOCOMBI.

. Pona Coregonus. Xors xapuortunsr MEOrHIX BHMJIOB CUTOBBIX PHIO (a
oburaromux Ha reppuropuu CCCP HNPAKTHYECKU BCEX) M3BECTHHI, B HA-
CTOAIIEE BPEMS IeTEPOMOP(MHBIE MOJIOBBIE XPOMOCOMBI BHISIBJIEHBI TOJIBKO
Y OAHOTO u3 HuX — cubupckoit psimymku C.sardinella (Oponos, 19906).
[TomMumo CyOBeKTMBHBIX TpuumH, 0GIMX A1 Ka PHOJTIOTHYECKUX HECIIEH0-
BAHMI JIOCOCEBBIX PbIO BCEX TPYIN, 37€Ch MMEIOTCS M CEPhE3HBIE TPYLHO-
CTH OOBEKTHBHOTO XapaKTepa, CBA3AHHME CO CTPYKTYpOW KapumOTHIA
curossix. Ilonapasiomee GoMbIIMHCTBO BUAOB MMEET KAPUOTHII, COCTOS-
it 13 80 XpOMOCOM, M3 KOTOPHIX OTHOCHTEIBHO JIETKO upeHTADUOHIpY-
10TCa TOIbK0 18-20 nBynieunx. Opmomneume XxpomoOCOMED obpasyior
TIOCTEIICHHO YMEHBIIAIOIMICS 10 Pa3MepaM DS, B KOTOPOM BBIAE/ICHHE
T1ap XpoMOCOM yC/IOBHO AaXe 1pH MCMO/Ib30BaHUK MeToaa C- okpainusa-
HUSL XPOMOCOM. BhISIB/IEHHE T€TEPOMOP(HBIX TIOSIOBBIX XPOMOCOM B TAKOM
KapruoTHIIC PEAIbHO MPH yCJIOBHSX, UTO OHM ABYIJICUNE WJIM ONHA U3 HUX
PETEPOXPOMATH3NPOBaHA, JInO0 3T0 BO3MOXHO NPH UCTIONB3OBAHMU METO-
AOB OKpALIMBAHUS, TO3BOIIOMMX TOYHO HMAEHTH(MHIINPOBATH TNOMOJIO-
THUYHBIC XPOMOCOMBI. K coxanenuio, G0/IbIUMHCTBO MIOMEITOK IPUMEHEHNS
9THX METONOB TP UCCICTIOBAHUY KAPHOTHIIOB JIOCOCEBBIX (B YACTHOCTH,
Meroaa G-oKpamvBaHus) He MPUBEIN K MOIOKUTEIBHBIM pe3yapraram,

W3 ueTbpex UCCAETOBAHHBIX C MCTIONH30BAHNEM METONA C-okpamm-
BaHus BUI0B popa (@posos, 1988) Hu y oxHOrO HE OOHAPY>XEHO reTepox-
POMATMHM3AUMK  XPOMOCOM KakoW-aubo mapsl. Jlmmb cubupckas
PSITYLIKA 0KA3a/1aCh YAOOHHIM OGBEKTOM: DPA3THUMS KAPUOTUNOB CAMOK 1
CaMLOB 5TOr0 BHAA KACAIOTCSI MIMECHHO YMC/IA M MOPOIOrUM NABYILICUNX
XPOMOCOM — B KapuoTume camok ux 18 (8 mera- u 10 cy6meranenrpuue-
CKHX), B Kapuorumne camuos 19 (10 meta- u 9 cy6MCTaueHTpHIIeCKnx),
ORHOMZIEUnX Xpomocom 62 y ocoGeit obonx mosos. [Ie cy6MeranenTpuye-
CKHE XpOMOCOMBI KAPHOTHIIA CAMOK M OHA HEMAPHAS y CAMIIOB MAEHTH-
(buuMpoBaHbl Kak X-XpOMOCOMBI, a ABE METAUEHTPUYECKUE KAPHOTHIIA
CaMIOB — KaK Y| (camas KpynHas u3 ABYIUICYNX) U Y, (camas menkag u3
AByIieunx) xpomocombl. Takue crpyktypa Kaprotuna m mopdonorus
TOJIOBBIX XPOMOCOM MO3BOJIMJIY TIPEATIONIOXHUTh MEXAHN3M MX BO3HHUKHO-
BEHUS — TIyTEM TPAHCJIOKAUMK MCXONHOH X-XPOMOCOMBI HA ayTOCOMY M
00pa3oBaHusl CHCTEMbI MHOXECTBEHHBIX MOJIOBBIX xpomocom XX-XY;Y,
(puc. 3). OcroBsIBasACHL Ha MOpdoOIOrMH U CTPYKTYPpE MOJIOBBIX XPOMOCOM,
BBISIBISIEMOH 1pu C-OKpAIIMBAHMK, 5Ty TPAHCIOKALMIO MOYKHO OTHECTH K
[CHTPOMEPHO-TEIOMEPHOMY coeuHenmIo. [To-BuanMomy, ara Tpancio-
Kauus OCymecTBIUIACh 6e3 3aMETHOM IOTEpH MATEPHANA YUACTBOBABIINX
B HEM XPOMOCOM M HE TIPHMBENA K CYIIECTBEHHBIM T€HETHYECKIM pasnnum-
SIM MEX]y IOJOBBIMHU X POMOCOMAMH.
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Kapuorun esponeiickoit psanymku C.albula ouenb CXONEH C Kapuo-
tumnoM cubmpckoi panymku (Nygren et al., 1971). Ilo onucanuo asTo-
poB, ee kapuortun comepxut 80 xpomocom: 16 meymneuux u 64
ogromneunx, NF=96. MccaeqoBaHbl KApUOTHIIEL KaK CAMOK, TaK M CaM-
1IOB, HO Pa3/IMyuMil B HUX He oOHapyxeHo. OnHAKO NPUBEACHHBII B pabore
VLTIOCTPATUBHBIA MATEPUAJ BHI3BIBAET COMHEHHS B €TI0 MPABUIBHON WH-
TepHpeTauuyn aBTopamu. Bo-mepBsix, MPaBUIBHOCTb TPAKTOBKH HEKOTO-
pHIX XpOMOCOM HA TpMBEACHHOU Kapuorpamme. Hexoropmie w3 HuX,
MOMEIICHHBIE B P ABYIUIEYMX XPOMOCOM, SIBJISIOTCS, BEPOSITHEE BCETO,
PE3yJIBTATOM HAJIOXEHUS ABYX AKPOLEHTPUUECKUX (IEPBAd B TPETHEH U
BTOpAs B BOCHMOM Mapax ABYILICUMX XpoMocoM). [Ipyrue, SBHO ABYILIE-
ympe, MOMEIICHH B Maphl C aKpOUEHTPHUECKMMH (TIepBasi BO BTOpPOH,
TpeThe! M TPUAUATON MApax, BTOpas B IGTOHM Iape OAHOIJIEYMX XPOMO-
com) (Nygren et al., 1971; puc.7). Bo-BTOpEIX, MOBOJ A1 COMHEHMM TaK~
Xe 1aoT dororpadun MeradasHbIX TIACTMHOK: HA OXHOM U3 HUX HA pHUC.8
HACUMTHIBAETCA Jmmb 77 xpomocoM, a He 80, kak ciaenyeT M3 NOANNCH K
HeMy; MeradazHad MIACTHHKA HA puc.9, U3 KOTOPOH HIPUIOTOBJICHA Ka-
puorpaMma puc.7, moyueHa 13 CEMEHHUKOB ¥ COAEPXKUT, Ha HALI B3IVIS,
He 80 xpomocoM, a 81. Ee aHanm3 mo3BosigeT BEACIUTD B Hel 19 npymne-
YUX XpOMOCOM. B-TpeThmx, cpasdy obpammaer Ha cebs BHUMAHUE HA ITOM
MeTada3HoM MIACTHHKE ONHA M3 ABYIJICUHMX XPOMOCOM, JEXamas OT-
JEIBHO OT APYTMX XPOMOCOM HA CEMH Yacax: OHA SIBHO KPYIHEE BCEX APY-
TMX XpOMOCOM, romosiora eit Her. Bomee uerko BuaHa Ha 9TOM
MeTaca3Hol MIACTHHKE W MOPGOIOrUS PACHONOXKEHHOM HMXE LEHTPA
IJTACTUHKY OUEHb MEJKOM METalEHTPUYECKOM XPOMOCOMBL (HAa Kapuor-
paMMe OHA TEpBas B TPUALATOU Mape ofHomIeunx xpomocom). Ilo orHo-
CHTEIbHBIM pasMepaM 1 MOpdOIOTHH STH ABE XPOMOCOMEI COOTBETCTBYIOT
Y, - u Y,-xpomocomam cubnpckoii psimymku (@posos, 19906). Manoxen-
HOE 3aCTaBJSET HAC CAEIATh BHIBOX, UTO KAPMOTHIIH IBYX BUOB PAIyIIEK
WOEHTHYHB 1 00a OHM HMEIOT cucTremy onpepesneHus moaa XX—-XY;Y,.

Cubupckag pamymka oouraer 1 B CepepHOH AMEpUKE, HO KAPHOTHUII
ee M3 ITHX momyasuui HeuasecreH. OfHAKO omucaHbl (BCe HAa HMOpHMO-
HAJHHOM MaTEpHAIE) KAPUOTUIIB ITATH JPYTHX aMEPUKAHCKMX BHAOB CH-
roB: C.clupeaformes — 2n=80, NF=108; C.artedi — 2n=80, NF=106; C.hoji
— 2n=80, NF=96; C.reinghardi — 2n=80, NF=104; C.zenithicus — 2n=80,
NF=98 (Booke, 1968). Uerhipe moc1eAHMX BAAA TAKCOHOMUUECKH OJIM3KM
CHOMPCKOM pSMyIIKE, 4 KAPHOTHUIIBL ABYX M3 HUX [0 YMCJAM XPOMOCOM M

Puc. 3. OGpasoBaHue CHUCTEMBI
MHO>KECTBEHHBIX MOJIOBBIX XPOMOCOM
o] cubupckoit panywku  Coregonus
sardinella.
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XPOMOCOMHBIX IUIEY CXONHBI C KAPMOTHIIOM CAMOK CHOMPCKOI PANYIIKH,
Ha nawr B3rnan, snosne peasbHO OOHAPYKEHHE Y ITHX BUIOB TAKON Xe
CHCTEMBIL ONPEAEICHHS 1101, KaK M y nocaenHei. [Lns NMPOBEPKH 3TOrO
NPEATIOJIOXKEHNS HEOOXOAMMO TINATEILHOE UCCIENOBAHNE KAaPHUOTHIIOB
AMCPUKAHCKUX BHIIOB CHIOB C IPUMEHCHHEM COBPEMEHHBIX METOAOB aHA-
JIn3a XpoMocoM. B Takom mccrexosanun KapHOTUIOB HYXIAIOTCS ¥ BHIBI
EBpasun, nockonbky 60abmmHCTBO 1x KapHOTHINIOB MCCAEKOBAHO METOA-

MH TOTAJIbHOTO OKPALIUBAHU S XPOMOCOM U Oe3 Pa3aenbHOrO aHaan3a Ka-
PHOTHIIOB CAMOK M CAMIIOB.

3aka04yeHune

B nacrosmee spems B PE3y/IbTaTe UNTOrEHETHUECKHX MCCACHOBAHMIL
HAIIN TPEACTABJIECHUS O CTPYKTYpPE, MEXAHU3MAX M SBO/IOLHH KapHOTH-
TIOB JIOCOCEBHIX PHIO 3HAUNTEILHO pacmupuiuck. B uactaocru, sti uccae-
AOBaHUSI MPUBEJM K BBISBJICHHIO y LEJOTO PSIAA BHIOB pazHoo6pa3HbIX
CHCTEM ONPEAEIEHMS 101, & Y MITH BUAOB — TETEPOMOPMHBIX MOJIOBBIX
xpomocoM. UmMeromuecs: nannmie CBHIETEJIBCTBYIOT O CYIIECTBEHHBIX OT-
JIAYMSX npouecca AudhepeHINanum MOI0BEIX XPOMOCOM y phiO, B TOM
MHUCJIE W JIOCOCEBBIX, OT TAKOBOTO y APYTMX MO3BOHOYHBIX XHBOTHbIX.

¥ nococeBbix peib 3TOT Mpouece npoTekaer B ABa drana. Ha nepsom
NIPOMCXOANT reHeTHUECKas AU PEPEHIMALHS TOJIOBBIX XPOMOCOM ITyTEM
TOABJICHHS B HUX PA3HBIX AJJIEJIEN OMHOTO MM HECKOIBKUX OIIPENEISIIO-
KX 1o reHos. [TomoBbie XpoMOCOMBI Ha 3TOM 3Tamne u3omopcdusl. Ux re-
TCPOXPOMATHHU3ALMH HE NPOMCXORUT, YTO 3aTPYAHSIET WJM [EJaeT
HECBO3MOXXHBIM MX BBISIBJICHHE LIUTOTEHETHYCCKUMU MerogaMu (peaKum
UCK/IIOUCHUCM SIBJISIOTCS, BO3MOXKHO, [IOIOBBIE XPOMOCOMEI yasbium). [e-
HETHYECKUE PA3THUMS MOJOBBIX X POMOCOM HA 3TOM 3TAIe muddeperuma-
UMA  HE3HAUMTEJbHBI M HE TPENATCTBYIOT TOJHOM TOPMOHAJIBHOM
MHBEPCHH TI0J1a B 000X HATIPABJIEHHUSIX C MOJTYYEHMEM HE TOJIBKO XHU3HE-
CIIOCOGHBIX, HO ¥ MJIONOBUTHIX PEBEPTAHTOB U XU3HECTOCOOHBIX YY-cam-
IIOB.

Ha crenyromem srane TPOMCXOANT MOPGOIOTHUECKAS auddeperu-
alud MOJIOBBIX XpOoMOCOM. OHa OCyIIECTBsSIETCS B GOTBIINHCTEE CIyuaes
NyTEM OAHOKPATHBIX XPOMOCOMHBIX NEPECTPOEK THIIA HENELHHA, TIPUBOASI-
HNX K HE3HAYMTETBHBIM MOPGOIOTHUECKUM PA3THUMSM TOIOBBIX XpOMO-
COM, U TPAHCJIOKALKH MOJIOBBIX XPOMOCOM Ha ayTOCOMEI C 00pa3oBaHuEM
CHCTEM MHOXECTBEHHBIX MOJIOBBIX XPOMOCOM. ['eHeTHMueckue pasanuus
TOJIOBBIX XPOMOCOM IIPH 9TOM CTAHOBITCS 6oJjiee CYIIECTBEHHBIMH, HO HE
IpENATCTBYIOMUMM, ONHAKO, FOPMOHA/IbHON HHBEPCHH TI01A C TIOJIYYEHH -
€M XU3HECTIOCOOHBIX 0COOCIH.

Kak u y npyrux pmi6, XapaKTEPHOM YEPTOM IBOAIOLMH HOO0BEIX Xpo-

* MOCOM JIOCOCEBBIX PbIO SIBJISIETCS €€ HE3aBUCHMOCTD HE TOILKO B pa3HbBIX
HA/IBUIIOBEIX TAKCOHAX, HO M y Pa3HBIX BUAOB. Onpeneasomumm TpH 3TOM
ABJISICTCS, BEPOSITHO, YNPOIIEHHBIN, 0 CPABHEHHUIO € TAKOBBIM y Apyrux
TIO3BOHOYHBIX XMBOTHBIX, MEXaHM3M AU dEPEHINALNM MONOBBIX XPOMO-
COM, KOTODBIN BBIPAXKAETCS B ABYX CAYYANHHBIX U OAHOKPATHBIX Mpeobpa-
30BAHUSX MX TEHETUUECKOM M  MOpPdOIOrnuecKoit CTPpYKTyphl 6e3
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MPOMEXYTOYHOTO ITAna HAKOIJICHUS TCHETUYECKUX PA3JIMUMA M TETEPOX-
poMatuamn3anuu. CIEACTBAEM TAKOM HE3aBUCMMOCTH SBOJIIOLMH MOJIOBBIX
XPOMOCOM SBJISIETCS 00JIBLIOE PA3HOOOPA3HUE CHCTEM ONPEAEIEHHUS TI0JIA Y
JIOCOCEBBIX PhI6. YXXe B HACTOSINEE BPEMS BBHISIBJIEHBI CHCTEMBI MOJOBBIX
xpomocoM XX-XY y mpeacrasuresneut ponoB Salvelinus u Parasalmo,
XX-XY u XX XXy~ X X,Y y aByx BugoB poga Oncorhynchus, XX—
XY 1Yy u ZZ7Z7-72ZZWW y nByx Bupmos poaa Coregonus. Briosne peanbHO
MPEANOIOXKNTh, UTO B GimXKaiiiee BpeEMS STOT CIIHCOK OyAET MPOXO/IXKEH.
IIpn sTOoM Hambojee BEPOATHO BHISBJICHHE TETEPOMOPMHBIX ITOJOBBIX
XPOMOCOM B rpynmax OJM3KuMX BUIOB, Y HEKOTOPHIX M3 KOTOPHIX TAKHE
XPOMOCOMBI YK€ HW3BECTHbI, B YACTHOCTH Yy HEKOTOPHIX BHUOB DPOXOB
Salvelinus n Parasalmo. Bce 3T0 MO3BOJISIET OTKA3ATHCS OT HIMPOKO pac-
MPOCTPAHEHHOTO MHEHKS 06 H30MOPGHOCTH TOJOBBIX XPOMOCOM Y 6OJIb-
IIAHCTBA BUAOB JIOCOCEBHIX.
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CTPOEHUE I'OHAIBI MEAY 3bI GONIONEMUS VERTENS
VERTENS

B.B.Ilypkuna, E.M.Kapacesa, H.E.Jlamam, W.I1.Xynuk

Jlabopamopus pezyasiuu pazmHoxenus u JJabopamopus cpaGHUMEIbHOI YUMOTIOZUL
Hucmumyma buonoeuu mops JBO AH CCCP, Bnadusocmok 690032

OMNUCAHO IUCTOJOTMUECKOE CTPOEHHE 3PEJION MOJOBOM XKeJe3bl CaMLIOB, CAMOK M rep-
madpommTHBIX 0cobeit Mey3bl Gonionemus vertens vertens, BbUIOBJICHHBIX B AMYPCKOM 3a-
JiuBe SINMOHCKOrO MOpPS.

The organization of gonads of the medusa Gonionemus vertens
vertens. V.B.Durkina, E.M.Karaseva, N.E.Lamash, I.P.Khudik (Laboratory
of Regulation of Reproduction and Laboratory of Comparative Cytology, Institute of Marine
Biology, Far East Branch, Academy of Sciences of the USSR, Vladivostok 690032)

The histological organization of ripe female, male and hermaphrodite gonads of the
medusa Gonionemus vertens vertens captured in Amur Bay of the Sea of Japan is described.
(Biologiya morya, Vladivostok, 1991, N 5, p. 18-22).

Menyss pona Gonionemus IAPOKO PacpoCTPAHEHH B Bofax Tuxo-
ro, MHauiickoro 1 AT/JIaHTHUECKOTO OKEAaHOB. B Hacrosgmiee BpeMs POX
Gonionemus otsocat k cem. Olindiadidae (Werner, 1984). Haymos
(1955) mpenoXuI CBECTU U3BECTHHIE K TOMY BPEMEHU JCBATh BHIOB IO-
HUWOHEM K TpeM: G.gemmifera, G.survaensis u G.vertens. VInTepecyommuin
HAC BUX — SHOBUTAd Meny3a "KpectoBuk” G.vertens L.Agassiz, 1862, me-
PUOMNYECKH TOSB/ISETCS B MACCOBOM KOJIMYECTBE B MAJIONOXKA/IMBbIE TOMBI
C XXAapKAMH JIETHUMH Mecsiuamu y Geperos 10xHoro ITpuMopes, 0cobeHHO
B CAHATOPHO-KYPOPTHOM 30HE AMYyPCKOTO 3a/11Ba I.BiaguBocToka, BhI3bI-
Bas TsXesbie mopaxenus moneu. Haymos (1955), Mukynnu u Haymos
(1974) cumTaroT THXOOKEAHCKOro "Kpecrosuka" mnomgsupoMm G.vertens
vertens B oTamuue ot Meny3 G.vertens murbachi, obutaromux B Bofax At-
JIAHTHUECKOro OKEeaHa M He 00afarmux TOKCHUHOCThI0. VIMerorcs cee-
feHus 00 HKOJIOTHH, PACTIPOCTPAHEHMH, XU3HEHHOM LHUKJE M GecrosoM
pasmHoXenuu G.vertens u ero noasusa G.vertens vertens (Tambs-Lyche,
1964; Muxymnu, 1974; Mwukynnu, Haymos, 1974; Edwards, 1976;
Uchida, 1976; Bakker, 1980), onHako OTCYTCTBYIOT AaHHBIE 00 Oprann3a-
LMK TIOJIOBOIA XXeJIe3bl M TAMETOTeHE3E TOHMOHEM. B npeniaraemoit pabore
OMHMCHIBAETCSA CTPOEHHUE PENPOAYKTHBHOM CUCTEMBI MEAY3Hl "KPECTOBHK

MaTtepuan ¥ METOAMKA

ViccnenoBanus BbINOIHEHB! Ha Mey3e Gonionemus vertens vertens. JKuBoTHbie GbLTH
OTJIOBJICHB! 24 uioa4 u 14 asrycra 1989 r. B AMypCKOM 3asMBe SINOHCKOrO MOPS B IIPUTOPOJ-
HO 30He r.BaaguBocToka. Meays GUKCHMPOBAIM B XKUAKOCTH BysHa. YuacTok Tesia C roHa-
7I0i1 BRIpE3aNM, 3AMBANY B napaduH 10 O6LIEeNPUHSTO! METOMKE M MPUNOTOBJISUIN CPe3bl
TOJLIMHOMA 5-6 MxM. TIpenapaTsi OKpalIMBAIM TEMATOKCHUIMH-303uHOM. B paGote npoana-
JIM3UPOBAHO COCTOsIHME ToHaA ¥ 31 ocolu.
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AHAJIN3 KAPNOTHUIIA TUGPUIOB I'OPHYIIN
ONCORHYNCHUS GORBUSCHA (WALBAUM)
N CHUMBI O. MASOU (BREVOORT)

© 1992r. OPOJIOB C.B., MAKCHMMOBHY A.A.

HccnenoBan KapuoTHIl MEXBUOBBIX rmbpupoB ropbymm O. gorbuscha (camxu)
u cuMbl O. masou (kuBble caMupbl). HecMoTpsi Ha 3HaYUTeNbHBIE Pa3IMYUs KapHo-
THIIOB POIMTEIBCKUX BUOB (2n = 52—54 y rop6ylm HEYETHBIX JeT U 2n = 66 y CIMBI)
rubpupHble 0COOHM BIIOJHE XHU3HecnocoCHbl. Mx kapuorTun mnpejcraBisieT coboit
CyMMy TaIlVIOMJHBIX HaG()POB XPOMOCOM POAMTENLCKUX BUAOB. OTMedYeHa M3MEHYH-
BOCTh SIIPBII'KOOOpPa3yIvllliX paiOHOB XpPOMOCOM, NPHUBOAsIIAs K BapbUPOBAaHUIO
pa3MepoB U MOP(OIOTHH HECYLIIUX UX XPOMOCOM.

ITpo6reMa H3MEHYMBOCTH KapPUOTHIIOB JIOCOCEBLIX pbI6 MPUBJIEKAET BHUIMAHHE UCCIIE]O-
BaTeJel ¢ MOMEHTa OIVICAaHUS XPOMOCOMHOI'0 MO3aHI[M3Ma Ha OCHOBE POOEPTCOHOBCKIX
TpaHCIOKAIMA y pajy>kHoi ¢openu Parasalmo gairdneri [1]. C Tex mop pasiavHbIe THIILI
M3MEHYMBOCTH KapHOTHIIA HA OCHOBE Pa3HOOOPA3HBIX MEXaHU3MOB OBUIM MPEATIOIOKECHDI
RIS LEJOro psifia BUAOB JOCOCEBBIX pbI6. Hambonee MHTEpEecCHOH H3 HHX SIBISICTCS
H3MEHYHBOCTH KapHoTHna ropbymm O. gorbuscha, ocobu cMeXXHBIX MOKOJIEHUN KOTOPOIt
pa3aHYarOTCs IO YHCIAYy XpPOMOCOM (B YeTHLIE TOALI 2n = 52, B HEYETHBIEC TOJLI
NPEUMYIIECTBEHHO 2n = 53—54) NpH NOCTOSIHCTBE YHCIAa XPOMOCOMHBIX ey [2, 3].
IIpencraBnsietT OONBIION HHTEPEC XapaKTep HACIEOBAHUS XPOMOCOM y 3TOTO BHJia B psijly
NIOKOJIEHHI], OCOGCHHO MOKOJIEHUN HEYETHBIX JeT. OJHUM U3 CHOCOOOB €ro H3y4CHMsI
ABIISICTCA HCCIENOBaHHE KapHOTHIIOB MHOpPHUIOB ropOyln ¢ OIM3KHM BHIOM, 3aMETHO
OTJINYAIOIUMCS OT Hee 110 YHCITY ¥ MOP(OIOrHA XPOMOCOM. TakuM yOOHBIM U OOUTAFOLIHM
COBMECTHO ¢ rop6ymeit sisisiercst cuma O. masou (2n = 66). MccneqoBaHuio KapuoOTHIIOB
rH6pHIOB 3THX ABYX BHAOB U MOCBsIEHa HacTos1ast paboTa. .

MATEPHAJN U METOJIUKA

MartepunaioM s paboThl nociny>Xmiu 10 OHOBO3pacTHBIX MaJbKOB (4 caMKH u
6 camioB, Bo3pacT 0+) aByx pa3MmepHsbIx rpymn (AC = 60—65 MM 1 AC = 80—85 mm),
IIOJTy YEHHBIX IPH CKpEIMBaHUU B ceHTAOpe 1987 r. 12 caMOK ropOymu H 5 KapJIAKOBLIX
caMlOB cuMbl. ITpousBoiuTenn ObIIH OTIOBIEHBI B peKe benoit (ropbymia) U MpUTOKE 3TOMH
pekn knrode TenroM (cuMa) B paitoHe noc. Cokon (roxkHbIit Caxanus). MIkpy uHky6upoBa-
1 Ha COKOJIOBCKOM pLIGOpa3BOJHOM 3aBojic. MaJlhbKOB BhIpAlIHBAJIN B aKBapuyMax C jie-
Kabpst 1987 r. no cenTsa6pnb 1988 r. IIpenapaTnsl XxpOMOCOM FOTOBHJIU M3 KIETOK TIEPEIHCTO
OTJeJIa MOYKH MO METOJly BO3JYIUHOTO BhICylunBaHus [4]. ToTanbHOE OKpaNIMBaHUE XPOMO-
COM IPOBOJIAIIU a3yPOM-303UHOM. [{JIsl BLISIBICHUS SIIPBIIIKOOOPa3yOIIHX PAaHOHOB XPOMO-
coM (SIOP) npumensinu Meto; Ag-okpamuBanus [5]. Beero uccneoBanu 340 MeradasHbix
IUTAaCTHHOK, U3 HUX 182 nuddepeHnalbHO OKpalIeHHBIX. YHcna XpOMOGOM IO CYHTLIBAIH
BO BCEX TOTAJBHO OKPAIICHHBIX M YacTH JHpdepeHInaIbHO OKPAaICHHBIX MEeTa(ha3HbIX
IracTuHkax (Tabm. 1).
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Ta6nuya 1

Pacnipepenenue uncna XxpoMocoM B KieTKax Npeanoyku ru6punos O. gorbuscha 1 O. masou

Ocobb Uucno MccienoBannbIX YHCIIO KIETOK € pa3HbIM YHCIOM XPOMOCOM

KJIETOK, OKpalICHHBIX

ToTanbHO Ag sl s N RS s

1 10 1 — — 1 2 1 6

% 8 9 — — 1(B) 7 1 -

3 11 35 — — — 19 — —

4 22 31 1 1 — 27(B) — —

o) 5 — 1 — — 4 - —

6 3 — — — — 2 1 —

1 52 71 2 3 7 38(B) 3 —

8 15 14 1 1 1 11 — 1

9 12 9 — — — 1 3 14

10 19 12 — — 1 2 — 20

Bicle'nio 158 182 5 5 11 113 9 41

IKCIIEPUMEHTAJILHASI YACTDb

Io ymcty XpoMOcOM HeceIOBaHHbIE OCOGH SICHO Pa3ieNIOTCA Ha ABE IpyIbL. B TIEpPBOIL
MAaJbKH MMEIOT B KapHOTHIIE 59 XpPOMOCOM, BO BTOpoit — 60. Y 0cobelt 06erX IpyI Kiace
KJIETOK C MOAQJILHBIM YHCIOM XPOMOCOM 3aMETHO NpeobiaafgaeT H cocTaBiusieT ot 60 Jo
100% ot ofmiero 4Ymcna HCCIEJOBAHHBIX KJETOK. Ha6nrongaemMbie KoneGaHAS dicel
XpOMOCOM MBI CKJIIOHHBI OTHECTH K aprecdakTaM, O6YCIOBICHHBIM MOTEPSIMH XPOMOCOM
B IIpoIiecce NMPUTOTOBJICHUA NIPENApaToB, @ HE HCTHHHOM H3MEHYHBOCTEIO UHCIIa XPOMOCOM.
B monn3y aTOro roBOpHT NpakTHYECKH NMONHOE OTCYTCTBHE KJIETOK C YHCIAMH XpOMOCOM
BBIIIIE MOJTAJILHOTO Y PBI6 OGEHX IpyImiL.

Kaprorun oco6eit ¢ 59 xpoMocoMaMu BKIo4aeT 45 MeTa- M CyGMeTaleHTPHYECKHUX,
10 cybrenonenTpaIecKnx H 4 aKpPOLEHTPHYECKHX XPOMOCOM (pHc. 1). ITocKoNBKyY KapHOTHIT
SIBNISETCS THOPHTHBIM, XPOMOCOMBI B KaPHOTPaMME PacIioIOKeHbI COTIaCHO HX MOPhOIOrHH
H pa3MepoB B BUJIC PSNIOB OHOIIEYUX U ABYIUIEYHX XPOMOCOM 6€3 BEIIEJIEHHS Tap TOMO-
JIOTHYHBIX XpoMocoM. B kapuorume pri6 ¢ 60 xpomocoMamu 44 MeTa- M cyGMmera-
UEHTPHYECKHX, 10 cy6TeNOLUEHTPHYIECKHX H 6 aKPOLEHTPHYECKHX XPOMOCOM. B Tpex MeTa-
(ba3HBIX IUIACTHHKAX OT TPEX 0coBei OTMEYEHBI IO OJHOMY OYEHD MEIKOMY 3JEMEHTY
(puc. 2, Ta6n. 1), CXOMHOMY TIO pa3MepaM ¢ METKHMH 106aBOYHBIME XpOMOCOMaMH, OTIMCaH-
HBIMH y IBYX BHJIOB CUIOBBIX pBIG [6, 7].

ITpu Ag-oKpalmBaHUH BBISBISIIOTCS Tpu THA SIOP — B TEJIOMEPHOM paliOHE KOPOTKOIO
{i1e4a OfHON 3 CyGTENOUEHTPHYECKHX XPOMOCOM H B IIPHLIEHTPOMEPHOM pallOHE IIHHHOTO
IUIe9a KpYNMHOM CyOMeTaueHTpHIecKol (y ocobeii ¢ 2n = 59) nmu6o B NPULEHTPOMEPHOM
palioOHe KpYIHOM aKpOLEHTPHYECKOM XpoMocoMsal (y ocobeir ¢ 2n = 60) (puc. 3). Okpa-
nmBaeMeie SIOP Ha Bcex XpoMOCOMax O4YeHbL H3MEHYMBLI. HaMu BHITETEHBI HECKONBKO
THIIOB XpPOMOCOM, Hecynmx SIOP, Ha OCHOBaHHH BBISIBJICHHONH MOPQOJIOTHH STHX PAHOHOB
(puc. 4).

OBCYXIEIIME

K coxkaneHnio, KapHOTHIIBI CaMOK ropOyIld ¥ KapJIHKOBLIX CaMI[OB CHUMBI, SIBJISIBILIHXCS
POIMTENAMH pacCMaTPUBACMBIX THOPHIOB, HAMH He HcceoBaHbl. OHAKO JaHHbLIE O Kapuo-
THIIAaX 3THX BUAOB MMEIOTCSA B JHTepaType. O KapuOTHIE CHMBI, B TOM YHCIE W IOra
CaxanuHa, cyniecTByeT MHOTO cBefieHnii [8—12]. Bee aBTOPLI OTMEYAIOT B HEM 66 XpoMo-
COM H, B 3aBHCHMOCTH OT KJIacCH(HUKAIMH XPOMOCOM HEKOTOPHIX map, 100—104 XPOMO-
COMHBIX IuIeqa. ITo HalwMM JaHHBLIM KapHOTHII CAMBI (MOJIONM U3 KITfo4a Temwioro, B KOTOpOM
BBIJIOBJICHBI HCTIONBE30BAHHBIC B CKPCIIMBAHNHM KapJIHKOBBIE CaMIbI) COXEPKAT 34 Mera-
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AALEA

cThédarabdiai Al B Besn

Puc. 1. Meradasuble miacTunki (a, 6) ¥ KapuorpaMMmbi (8, 2) ruGpHUIOB O. gorbuscha 1 O. masou: @, 6 — 2n = 59,
NF = 104, 6, 2 — 2n = 60, NF = 104. M-CM — wMera- u cyOMmera-, CT — cy6Teno-, A — akpoueHTpuicckue

xpomocoMbl. O6. 100X, ok. i

U CyOMETaUEHTPHYESCKUX M 8 aKPOIEHTPHYECKHX XPOMOCOM, T.€. €€ KapHOTHII 2N =166,
NF = 104, 9to cornacyeTcs ¢ JaHHBLIMH JJPyTHX HCcCleqoBaTeNne.

KaproTum ropOyIIH TakXe HCCIEI0BaICS HEONHOKPATHO. BOJNBEIOIMHCTBO aBTOPOB OT-
Medand B HeM 52 xpomocomel [9, 10, 13]. Opxako mosxe OplIH yOeAuTENbHO MOKa3aHbl
CYIECTBEHHBIEC pa3iuiusi KAPHOTHIIOB OCOOEH CMEXHBIX JIET. PrIOBI YETHBIX JIET HEpecTa
AMEIOT B KapHOTHIE 52 JAByIIcYHe (MeTa- H cyOMeTaleHTPHYECKUE) XPOMOCOMEI, PHIOEI
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Puc. 2. Meracasnble nnactunku ru6puno O. gorbuscha u O. masou ¢ fo6aBounbIMH (?7) XxpoMocoMaMi (yKa3aHbl
crpenkamu). JIBOHHbIE CTPENIKH — MapKepHbIe XpOMOCOMBI KapHoTHna ropGyu. O6. 100X, ok. 7x
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Puc. 3. UamenunBocts SIOP xpomocom B kaproTunax ru6puaos O. gorbuscha u O. masou. O6. 100X, ok. /X
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Puc. 4. Tunsi xpomocoM, Hecymux SIOP, B kapuoTunax ru6punos
O. gorbuscha u O. masou

HEYCTHBIX JIET HEpecTa — MNpeUMyIecTBeHHO 53—54 xpomocoMbl (50—51 mera- u cy6-
METaIeHTPHIECKHX ¥ 2—4 aKPOLECHTPAYECKHUX) PH CTaGHIBLHOM HCIIC XPOMOCOMHBIX ILTEY
NF = 104. OTH pa3nu4us KapHOTHIIOB OTMEYeHBI y phI6 Kak CaxanuHa, Tak U KaM9aTKn
(2, 3]. CymecTBOBaH)E pa3NMYAKOLIMXCS KapHOTHIIOB y rop6ymu Kamyarku (2n = 52 u
2n = 53 anpu NF = 104) nmo3s:ke OBLIO MOATBEP3KICHO OJHHM U3 aBTOPOB [14]. OTH pa3s-
H9nst O6YCITIOBIECHEI Pa3jieICHHEM OJJHOM U3 KPYMHBIX CyOMETaNeHTPHIECKIX XPOMOCOM Ha
JIBE aKPOLEHTPHYIECKHE THOO OOPATHLIM IPOLECCOM.

B cBeTe JaHHBIX O KapHOTHIIAX TOPOYIIH PasHBIX JET HepecTa (n = 26 B YETHBIC M N =
= 26—27 B HEYETHBIE T'OJ{bI) CTAHOBSITCS TIOHSITHBIMH IIOJIyY€HHLIEC HAMHA TaHHBIE O KapHO-
THIIaX THOPHJIOB OT CKpeluBaHus ee ¢ cuMoii (n = 33). [TockoNbKy HCCIeTOBaHHBIC HAMH
rHOpHJIHbIE OCOOHU SBISIOTCS MPOAYKTOM CKPEIMBaHMUs CHMBI ¢ ropOyuieit 1987 r. Hepecra
(HEYETHOr0), TO CYMMHPOBAaHUE FalIOUAHBIX HAOOPOB XPOMOCOM POIUTENIBCKHX BHOB NpH-
BOJHUT 3a CYET CYI[ECTBOBAHWS y ropOylIH ABYX THIIOB TFaMET K MNOSBICHHUIO JBYX
THOPUIHBIX KapHOTHIOB — 2n = 59 (n = 26 X n = 33) u 2n = 60 (n = 27 X n = 33). Boxee
TOTrO, pa3indue KapuOTHIIOB THOPUAHLIX OCOOEH OHO3HAYHO YKa3BIBACT, YTO CPE/[H CaMOK
ropOyIlM, HCMONBL30BAHHBIX JUIS CKpEI[MBaHus, 6bUIH OcO0H C 2n = 53—54. T'ubpuant ¢
KapHOTHIIOM 2n = 59 YHCIEHHO Npeo6afaroT, HO 3TO npeobiagaHue OOYCIOBIEHO,
BEpOSITHEE BCErO, MMEHHO HaJM4YMeM y ropOymm kapuotuna 2n = 54. ITo pasmepam
rUGPHIHLIE OCOOU C Pa3HBIMH KapHOTHITAMU HE pa3fMYaroTcs. XOTsk Bce rHOpHALI Goliee
KPYIHLIX pa3MEPOB HMEIOT B XPOMOCOMHOM Ha6ope 59 XpOMOCOM, TaKO# Ke Ha0Op OTMEYCH
1y 9acTH 6oyiee MEJNKUX phIO.

To, YTO KApHOTHUI THOPUIOB SIBISIETCS CYMMOH TaIUIOHHLIX HaOOPOB XPOMOCOM POJIH-
TENBCKAX BHJIOB, IOJTBEPK/IAET U €ro CTPYKTypa. Y CHMBI B FalNIOMHOM Habope 19 MeTa-
IeHTpHYECKHX, 10 cyOTENOUEHTPHIECCKHX U 4 aKPOIEHTPHIECKHX XpoMocoM (n = 33),
y rop6yIid HEYETHOrO roja HepecTa 26 MeTa- H cyOMeTaleHTpHIecKuX (n = 26) aubo
25 MeTa- H CyOMETAUEHTPHIECKHX U 2 aKPOIEHTPUIECKUX XpOMOCcoM (n = 27), a y TuOpH-
noB 45 MeTa- B cyOMeTaleHTpHIecKuX, 10 cy6TeIONEeHTPHIECKHX B 4 aKPOLEHTPHIECKAX
(2n = 59) mu6o 44 MmeTa- U cyOMeTaneHTpUIecKuX, 10 cy6TeNnONeHTpUIEeCKUX U 6 aKpo-
IEHTPHYIECKAX XpoMocoM (2n = 60). Boaee Toro, u ToranbHoe, i (elle aydiie) Ag-oKpa-
IIMBaHNAE MO3BOJISIOT BBLIJICIUTH TPYIILI XPOMOCOM H OTAEILHBIE XPOMOCOMEI, SIBJISTFOILIHECS
MAapKEPHBLIMH JUIsSi KAPHOTHIIOB POANTEILCKHUX BUIOB. B rH6GpHHEIX KapuoTunax 2n = 59
UJEHTAPHIAPYIOTCS TPYNILI CyOTENONECHTPHYECKUX H aKPOUCHTPHIECCKHX XPOMOCOM
KAapHOTHIIAa CHMBI, OTCYTCTBYIOIHEC ¥ TOpOYIUH NpH n = 26, B KapuoTHmax 2n = 60 —
TOJILKO CyOTENOUEHTPAYECKHE XPOMOCOMBI CUMBI H B OOOMX — OJiHa M3 CyOTEJONCHTPH-
YEeCKMX XpOMOCOM, HMEIOIIast SIPBIIIKO0Opa3yromiuii paitoH (cM. puc. 3—4). M3 xapnornia
ropOyIIH MOXHO UJICHTU(PHIMPOBATL XapaKTEPHbIC IS HETO MENKYIO CyOMeTalleHTpU-
YECKYI0 XpPOMOCOMY € y/UIHHEHHBIM LIEHTPOMEPHBIM PalilOHOM M KPYIIHYIO CyOMeTalcHTPH-
yeckyro (2n = = 59) 160 KpyNmHYIO aKpoleHTpuieckylo (2n = 60) xpomocomsl ¢ AOP,
PACIIOJIOKEHHBIM OKOJIO LEHTPOMEpPHI (cM. pHc. 1—3). DTH XpPOMOCOMBI SIBJISIOTCS
MapKepHLIMH JUIsi KAPHOTHIIA TOPOYIIA U BBISBISIOTCS B HEM Ha MeTapa3HbIX INTaCTUHKAX H
KapHorpaMMax, MpejICTaBICHHbIX pa3HbIMU aBTOpaMH [2, 3, 9, 14—16]. IIpa 3TOM KpyIHLIE
cyOMETAlCHTPUYECKHE XPOMOCOMBI YaCTO MOSKHO BBISIBHTE M 6€3 Ag-OKpallMBaHus MO c1abo
OKpAIIMBAIONIEMYCSl Yy9acTKy JUIMHHOIO IUIeYa, PacloNOXKEHHOMY OKOJIO HEHTPOMEPEI
(cM. pue. 1, a, 8; 2, 0).
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Ta6nuna 2

Pacnpenenenne xpomocom ¢ SIOP B kneTkax npennouku ru6pugos O. gorbuscha u O. masou

Ocobs Yucno YKncno KIETOK ¢ pa3HbIMHU THIIAMM XpoMocoM ¢ SJOP

necne-

JOBaH-

HBIX

KJie-

TOK

ol e o Tnedine ] nel righ gallsa'll te | e
1 1 —_ — — — — — — — — 1 — —
2 9 4 4 — — — —_ — — — = e
3 35 6 12) — — 1 — — — 7 — — ==
4 31 1 3 — — 1 — — i — — —
7 71 47 16 — — — — — 2 — — —
8 14 1 — —_ — 5 — 2 3 3 — e ===
9 9 . e 2 2 — —_ — — — 3 1 1
10 12 — — 9 2 — — — — == 1 — ——
Bcero 182 59 35 11 4 40 1 2 3 19 5 1

Tlpumeranue. O6G03HaYEHNUS XPOMOCOM, Kak Ha pHc. 4.

Hccnenopanue akTHBHBIX SIOP y ruGpuaHbIX ocoGed MOoKa3alo, 9TO 4acToTa OKpa-
HIMBAEMOCTH (M COOTBETCTBEHHO aKTHBHOCTH) SIOP, MpOHMCXOJIAIHX H3 FeHOMA ropOy1uu,
3HAYUTEJIBLHO BBIIIE — OHU aKTHBHBI BO BCEX MCCIEOBAHHELIX KJETKax, Torjga kak JOP
reHOMa CMMbI — JHIIb B 40% KIETOK M TOJNBKO NpH akKTUBHEIX SIOP ropGymm (Tabn. 2).
Haubonee yacro BcTpedarorcsi oguHaphbie SIOP rop6ymmm — I'l um I'3 (wacroTa
BCTPE4YaeMOCTH COOTBETCTBEHHO 65,5 u 72,5%) n cumpl — C1 (oHu orMedeHs! B 90,5%
KJIETOK ¢ akTUBHEIMHE SIOP cumbl). ITpn Hanu4ny B KJIeTKe THOPHIA IBYX OKPAIIMBAFOIUXCA
sIOP oHH, KaK IPaBHJIO, TaKKe OJMHOYHBIE B XpOMOCOMax 06omx BHAOB. Kakoii-mn6o
3aKOHOMEPHOCTH B TakKOM IpOsIBICHUHM aKTUBHOCTH SIOP HaMum He BBISBIcHO. Mx
AaKTHBHOCTL HE KOPPEJHMPYET HM C pa3sMEpPaMH, HH C IIOJIOM FHOpHAOB. BeposiTHee Beero,
HMEHHO TaKO€ COCTOsSIHME aKTUBHOCTH SIOP siBisieTcss HOPMOW JUISL POJTUTENLCKUX BUJIOB U

He M3MEHSeTCs y rMOpHUIoB. B 3TOM ciydae Hanmyue JBOWHLIX WM CABHHYTHIX IIO OCH
XpOMocoMBI akTHBHEIX SIOP cnenyer paccMaTpHBaTh KaK NMPOU3BOJHOE COCTOSTHHE.

B smTepaType MMEIOTCS CBEJCHUSI O KapHOTHIIE THOPUAOB TOpOYIIH M IPOXOIHOMN
cuMbl — 2n = 59 [10], 4TO COOTBETCTBYET OJHOMY W3 ONMUCAHHLIX HaMH KapHOTHIIOB.
Cpepiennit 0 rubpujax rop6ymu 4 cuMbl ¢ 2n = 60 MbI He OGHapyXuiad. [TocKONBKY
B pa6ore Apau [10] TakKe HCIONB30BaHBI THOPHJBI OT CKPEU[HBaHHUS FTOPOYIIH HEYETHOTO
(1977) roga HepecTa, BIIONHE BEPOSITHO, YTO €rO JAaHHLIE OGBSICHSIOTCS CIyYalHBIM HC-
[OJIb30BaHHEM B paboTe 0cobu ropOynH ¢ 2n = 52, KOTOpPEIE BCTPEYAarOTCS B HEYETHLIE
TONBI B HEOONLUIOM KOJHYECTBE B APYrHX 4acTsx apeana [2, 3]. [Ipepmonoxenre o6
UJCHTHYHOCTH KAaPHOTHUIIOB ropOyIlid CMEXHBIX JIET, 3aXOMsIcii Ha HepecT B SIMOHMIO
(Apau ucnonp3oBan B paboTe peI6y ¢ 0. XOKKaiifo), IPEACTABISICTCI MEHEE BEPOSTHEIM.
HcknrodeHa ¥ BO3MOXKHOCTh HENMPABHILHOTO TOJICIETa XPOMOCOM Y THOPHIOB, IIOCKONILKY
aBTOPOM IIPEJICTaBJICH MaTepHall OYEHb BLICOKOTO KauecTBa, He JIOMYCKAOIIMI IBOMHOrO
TOJIKOBaHUSI.

JlaHHBIE O KapHOTHIAaX FHOpHOB CHMBI H TOpOYIH, a TaKXe THOPHIOB STHX BHJIOB
C IPYTMMH BHUJIaMH THXOOKEAHCKHX JIOCOCEH MOKa3bIBAIOT, YTO BO BCEX CIyYasix OHH
NPEJICTABNAIOT COGOM O YHCIY XPOMOCOM M CTPYKTYpe CyMMY TalUIOMJHBIX HaGOpOB
XpOMOCOM POJTHTENLCKMX BUIOB IaKe Y HEXKU3HECMOCOOHLIX ocobeit [10, 11, 17].

CyMMHUpYys H3JIOXKEHHOE, MOKHO OTMETHTh, YTO, HECMOTPS Ha 3HAYMTEILHBIE Pa3JIHIMs
KapHOTHUIIOB ropOymm (2n = 52—54, NF = 104) u camsl (2n = 66, NF = 104), nony4eHHbIe
NpY BX CKPEIMBaHAM THOPHJIBI BIIOJIHE XKU3HECTIOCOOHLI. VX pa3BUTHE HE CONPOBOK/[ACTCS
HapylIeHHSIMHA T€HETHYECKOrO annapaTa, a KapHOTHUI 110 YUCIY XpPOMOCOM M CTPYKType
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npefcTaBusieT co6oi cyMMy FaIUTOMAHBIX HAGOPOB XPOMOCOM POJMTENLCKUX BUOB. IIpn
9TOM CKOPOCTE Pa3BHTHSI THOPHIHBIX OCOOEH HE 3aBUCHT OT YHCJIa XPOMOCOM B KAPHOTHIIE
(2n = 59 unu 2n = 60).
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Huctutyr 6uoorun Mops ITocTymuna B pegakipio
JIBO PAH, Bnagusocrok 10.VI.1991

KARYOTYPE ANALYSIS OF PINK SALMON ONCORHYNCUS GORBUSCHA (WALBAUM)
AND MASU SALMON O.MASOU (BREVOORT) HUBRIDS

FROLOV S.V., MAXIMOVICH A.A.
Institute of Marine Biology, Russian Academy of Sciences
Far East Division, Vladivostok
Summary

The karyotype of pink salmon Oncorhynchus gorbuscha (females) and masu salmon O. masou
(freshwater males) hybrids was studied. Although the karyotypes of pink salmon and masu salmon are
very different (2n = 52 —54) in pink salmon in uneven years and 2n = 66 in masu salmon), hybrids are
quite viable. Their karyotypes contain the sum of haploid sets of parental species. Variability of NORs
leading to different size and morphology of chromosomes with NORs was noted.
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YIOK 575.113:598.816

AHAJIN3 TEHOMOB BOPOH (CORVIDAE, PASSERIFORMES)
13 30HbI INEPEKPBIBAIOININXCA APEAJIOB M TMBPUIN3AIINN

© 1992 r. KPIOKOB A.IIL, YOBIPKUIIA O.B., YEJOMHMHA TI.H.

IIposenen pecrpuknuonneiit ananus3 s[IHK u amekTpodoperudeckuit aHamu3s
CLIBOPOTOYHEIX 6eaKOoB KpoBH cepoit Corvus cornix, yepHoit C. corone BOPOH ¥ HX
€CTECTBEHHBIX TUOPUIOB. Y pONUTENLCKMX (OpPM pa3iauMduil He OOGHapyXeHO.
T'ubpunel XxapakTepuU3yIOTCs MOBBIIIEHHOH WM3MEHYMBOCTBIO  KOJNHYECTBA  IIOB-
topoB JIHK B pecTpukTHBIX (pparmMeHTax, a TakXe HaJHYMEM COOGCTBEHHBIX Ba-
PUaHTOB anbOymuHa, NOCTTpaHCtheppUHa U 3cTepasbl. IIOATBEpXIEHHI OOIIHe
NPUHIMIILI OpraHM3allii FeHOMa MITUIL U HAcIeJoBaHUs NIPU3HAKOB Y THOPHUJIOB.

OpnuM u3 HanboJiee M3BECTHBIX IMPHMEPOB €CTECTBEHHON THOPUH3ALAH KHBOTHLIX
SBJISIETCS CKpEIMBaHAE CEPOil U YEPHOI BOPOH. HecMOTps Ha TO, YTO OH ONMMCAaH BO MHOIHX
y4eOHHKaX IO TEOPHH 3BOJIIOLMH, CHCTEMATHKE, 300reorpacul, CATyalst IO CHX TOp HE
H3y9YeHa BO MHOTIMX OTHOIIEHMSIX: HA yPOBHE CTPYKTYphbl F€HOMA, aJUIO3WMHON M3MEHYH-
BOCTH, OLICHKH ITOTOKa T€HOB MEX]y cKpemuBaronmuMucs ¢opmamu. He onpeneneH Takxke
TaKCOHOMMYECKHI CTaTyC THOPHAM3YIONMX (POPM, H pa3HBIMH aBTOPAMH CEpON M YEPHOM
BOpPOHaM IpHAaeTcs TU00 BULOBOM, TMOO IMMOJBAAOBON paHT.

Lenbto HacTosIIElH pabGOTHI ABISETCS aHATH3 TeHOMOB THOPHIOB MeXy cepoii Corvus

cornix L. u yepHoit C. corone L. BOpOHaMH B CpaBHECHHH C (PEHOTHIHYECKH «IHCTLIME»
ucxogHbIMA hopMaMu. MOJIOABIX NTHI] OTJIaBIHBAJH B OKpECTHOCTSIX noc. Mrar u Tucynn
KemepoBckoit 00J1., TA€ HaXOAUTCS LEHTP HX Y3KOM CTaGMILHOU 30HBI rubpujin3amua [1].
B c6ope maTepuana npuHnManu ydactae B.H. Baunos u JI.H. [TamkoBsa.

MATEPHAJI U METOJIHUKA

B MONEKyJISPHO-TEHETHYECKUX UCCAEAOBAHMAX GBI HCIOAB30BaH METOJ PECTPHKIHOH-
Horo aHamusa JJHK [2]. ITpemapaTtel JHK nony49anu HHAMBUAYaNILHO H3 siep NMEYCHH
17 ocobeit cTaHgapTHLIM (PEHOJILHO-IETEPreHTHRIM crioco6oM ¢ oGpaboTkoit PHK azoit
n npoHasoit. I'uaponus JHK, paspenenne pecTpuKTHBIX ¢pparMEHTOB U IEHCHTOMETPHIO
BBIIIOJIHSIIA, KaK ONMHCcaHO paHee [3]. Mcnonb3oBanu TpH TETpaHYKJIECaTHIHbIE HYKJIEA3hI
pecrpukiun: Alul, BspRI u Sau3a, Beinmyckaemsie HITO «®epment» (BunbHroc). Buo-
XAMAYECKHAE HUCCIEAOBaHHUS OCHOBBIBANNCh Ha aHAJH3€ B NMOJHAKPUIAMHIHBIX TEISX HE-
KOTOpBIX 6eKOB KpoBH 34 ocobeil. ANLOyMHHBI H 3CTepa3bl aHAJIM3UPOBAIH IO METOJIHKE
IsBuca [4], ocTanbHble 6eaKkn — 1o ans [5].

SKCHEPUMEHTAJIBIIAA YACTb U OBCYXIEHHE

Kaprunel pacmemnenus sITHK oka3zanucek HykieazocnenudpudHbIMA. OfHAKO KaYeCTRCH-
HBIX pa3iiYuil B OPTraHU3alMd I'€HOMa pa3HbIX pOpM BOPOH He OGHapyxkeHo (puc. 1).
Hyxkneasa Sau3a BeIsIBMJIa IO OHOMY AUCKPETHOMY (pparMEHTy B HH3KO- H BBICOKO-
MOJIEKYJIIPHOM 00acTsX CIIEKTpa pa3MepOM NpHMEpHO 660 MH (MUHOPHEIA KOMIIOHEHT) U
23/TIH COOTBETCTBEHHO. PecTpukTaza Alul Bo Bcex reHoMax OGHapyXmia MOBTOPSIO-
utyrocst [IHK ¢ THIMYHON TaHAEMHON OpraHM3alMei, T JJIAHA eJAHHLLI IIOBTOPSIEMOCTH
cocrapnseT 210 ma. C noMomysio BspRI uieHTHHIMPOBaH MOBTOP, OPraHU3OBaHHEIN Gonee
cnoxHo. Pasmeprr BspRI-dpparmenToB xpaTHel nx30, nx35 uwnm (nx30) + 5 nu. Crnefo-
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The positive results in more than one test referred to above would suggest the mutagenic potential of
Euglena sp. in mice system and thereby all groups of microbes (Stainer et al. 1976) are now found to have
mutagenic potential as advocated by Manna (1989). However more studies are in progress for further
verification.

Acknowledgements : Financial supports received from the UGC and INSA, New Delhi are gratefully
acknowledged for the work.
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5. Frolov, S.V. : Karyotype of Stenodus leucichthys nelma from Anadyr’ River

Stenodus leucichthys is one of the species of subfamily Coregoninae (Salmonidae, Pisces). It is widely
distributed in the rivers of European, Asian and American North. One of subspecies, S.. nelma, inhabits
the rivers of Russian and Alaskan North. The karyotypes of many coregonine species of the genus
Coregonus are known now (Viktorovsky ef al., 1983), but there is only one report about karyotype of S.
leucichthys from Alaska (Booke, 1975). This paper reports the karyotype of North Asian S. leucichthys
from Anadyr’ River.

Fig.1. Karyotype of S. L nelma, 2n=76, NF=98.
Top row, metacentrics; second row, meta-submetacentrics and submeta-subtelocentrics; third to
sixth rows, acrocentrics.




Chromosome Information Service No. 52, 1991

Karyotype of S.I. nelma consists of 76 chromosomes, with 14 metacentrics, 2 meta-sub-
metacentric, 6 submeta-subtelocentric and 54 acrocentric without visible short arms (Fig. 1).
Including the short arms of submeta-subtelocentric chromosomes a total arm number is 98.
Metacentrics slightly decrease in length from 1st to 7th pair. The largest submeta-
subtelocentrics are equal in length with 1st pair of metacentrics. 1st acrocentric pair is very
long, but other acrocentrics slightly decrease in length from 2nd to last pair. One pair of
acrocentrics has a structure like the satellite in telomeric region.

This karyotype strongly differs from those described by Booke (1975) for Alaskan S. leucichthys-2n=
74, NF=108. The difference in chromosome numbers in these two karyotypes may be explained by
polymorphism noted for some species of salmonine fishes, but the reality of such great difference in NF is
doubtfull. It may be due to difficulties in chromosome arm counting in chromosomes prepared from S.
leucichthys embryos without colchicine treatment as in Booke’s report. ~So, further investigation of the S.
leucichthys karyotype must be carried on by modern methods of analysis.

The S. leucichthys karyotype also strongly differs from those of coregonine fishes of the genus
Coregonus. The main difference is that the former has 6 large submeta-subtelocentrics while the later has
only 2 similar chromosomes.
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6. Frolov, S.V. & Miller, LN. : Karytoypes of Salvelinus malma and S.leucomaenis from
North Primorye
There are many reports concerned with karyotypes of Salvelinus species. Great differences in
chromosome numbers and chromosome arm numbers in S. malma karyotypes in Japan (Abe & Muramoto
1974, Ueda & Ojima 1983b, Ueda 1987, Cavender & Kimura 1989) and Kamchatka (Viktorovsky 1975) have
been described. Differences in S. leucomaenis karyotypes in Japan (Abe & Muramoto 1974, Ueda & Ojima
1983a, Ueda 1987, Cavender & Kimura 1989) and in Sakhalin and South Primorye (Chernenko & Viktorovs-

ky 1971, Viktorovsky 1975) also have been reported. This report presents the karyotypes of Salvelinus
malma from Kabanya River and S. leucomaenis from Edinka River (North Prymorye).

Twelve individuals (8 females and 4 males) of the S. malma and seven individuals (3 females and 4
males) of S. leucomaenis were used in the present study. Chromosome slides were made by air-drying
method (Frolov 1989).

Karyotype of S. mabma consists of 82 chromosomes, with 14 metacentric, 4 submetacentric
and 64 subtelo- and acrocentric, NF=100 (Fig. 1). The largest submetacentrics are as large as
metacentrics of the 3-4 pairs. The smallest ones have a satellite-like structure in their short
arms and may look as subtelocentrics or acrocentrics in different cells. The same variable in
morphology submetacentrics present in karyotypes of white charr S. albus and S. leucomaenis
from Kamchatka River too (Frolov in press). Such type of morphological variability is a
peculiar of chromosomes with NORs. Usually, the acrocentrics in the first pair are much
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Fig. 1. Karyotype of S. malma, 2n=282, NF=100.
Top row, meta- and submetacentrics ; second to fifth rows, subtelo- and acrocentrics.
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Fig. 2. Karyotype of S. leucomaenis, 2n==84, NF=102.
Top row, meta- and submetacentrics ; second to fifth rows, subtelo- and acrocentrics.

longer than in the second one (“huge” in terms of Ueda & Ojima 1983b).

There are 84 chromosomes in S. leucomaenis karyotype (Fig.2). It consists of 14
metacentric, 4 submetacentric and 66 subtelo- and acrocentric chromosomes, NF=102. The
smallest submetacentrics have the satellite-like structure in their short arms and may look as
subtelocentrics or acrocentrics in some cells as those in S. malma Karyotype.

No differences in karyotypes of males and females were found in both species.

Karyotype of S. malma from Kabanya River is identical with karyotypes of S.m. malma and S.m.
krascheninnikovi from Hokkaido (Ueda & Ojima 1983b, Ueda 1987, Cavender & Kimura 1989). They have
the same number of chromosomes and the same marker chromosomes- the large submetacentrics, the
submetacentrics with satellites (NORs) and the huge acrocentrics in the first pair. So, Karytyope of S.
malma from Kabanya River is typical for Southern Dolly Varden. We assume these three forms are the
same taxon which must be consider as S.m. krascheninnikovi according to Berg’s (1948) nomenclature.
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Karyotype of S. leucomaenis from Edinka River is identical with karyotypes of this species from
Kamchatka (Frolov in press) and Japan (Abe & Muramoto 1974, Ueda & Ojima 1983a, Ueda 1987, Cavender
& Kimura 1989). Differences in NF (100 or 102) reported in some papers are due to different classification
of submetacentrics with satellites-like structure (NORs). But in South Sakhalin and South Prymorye S.
leucomaenis have 84-86 (mainly 86) chromosomes (Chernenko & Viktorovsky 1971, Viktorovsky 1975).
These data differ from other ones. So, further studies of S. leucomaenis karyotype from different popula-
tions are under way in order to investigate chromosome variation in this species.

Acknowledgement : We wish to thank Mr. 1. Parpura, Pacific Research Institute of Fisheries and
Oceanography, Vladivostok for his help in fishering the specimens.
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7. Iwatsubo, Y. & Naruhashi, N. : Cytological study of a triploid Potentilla riparia
Murata (Rosaceae)

Potentilla viparia is an endemic plant of Japan distributed in the central and western parts of Honshu
and Shikoku, and in the eastern part of Kyushu districts (Ohwi 1983). It has 2z=14 chromosomes,
including 4 metacentric pairs, 2 submetacentric pairs and one satellite subtelocentric pair (Iwatsubo &
Naruhashi 1991). One triploid plant (2z=21) had been collected at Kunigino, Yasuharakamihigashi,
Shionoe-cho, Kagawa-gun, Kagawa Prefecture in July 1986 and was cultivated in the Botanical Garden of
Toyama University. The karyotype and meiotic chromosome configurations at metaphase I of this
triploid plant were examined in this study.

The ordinary squash technique for the chromosomes was used. For examination of karyotype, root
tips collected from potted plants were preteated by immersing them in a 2 mM 8-hydroxyquinoline solution
for one hour at room temperature, and then kept at 5°C for 15 hours. Root tips were fixed in a 1: 3 acetic
acid and ethyl alcohol mixture for one hour, and soaked in 1IN HCI for a few hours, and then macerated
in 1N HCI for 11.5 minutes. After staining in 1.5% lacto-propionic orcein, meristematic cells of the root
tips were squashed and metaphase chromosomes were observed. Chromosome form was expressed using
the nomenclature of Levan et al. (1964). To study chromosome configurations at meiotic metaphase I,
young flower buds were fixed in Newcomer’s fluid for 3 hours at room temperature and macerated with the
same treatment as for the root tips. Flower buds were stained with Schiff’s reagent and anthers were
squashed in 1.5% lacto-propionic orcein. Pollen fertility was estimated on the basis of size and
stainability in lacto-propionic orcein.

This plant had 2% =21 chromosomes (Fig. 2). In the somatic metaphase cell, the lengths of
chromosomes ranged from 1.7 gm to 1.1 gm, and the arm ratio varied from 1.1 to 4.5 (Table 1).

The chromosome complement was composed of three groups comprising 12 metacentric
chromosomes, 6 submetacentric chromosomes and 3 subtelocentric chromosomes (Fig.3). A
satellite was constantly found on the short arm of one subtelocentric chromosome.
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