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SM mt+m&  taranet zi(Kaganovsky) and fee more advanced Pacific 
^  ' fluì ,'nei^^i'.

Jve l-t m s  1 sgroup of species -(-among ' ^ h e r ^ if >»
fPafias), Sa lv e i  in u s

>*V5É-PaHras) ' 'S e k ve i i -m s

m s cu ri lu s  

•Obviously— som»
maim B/albaum), 
ai bus plubokovslq^.

questions on^har^ pfoblem may be resolved by investi gat î SX-af 
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/'0*Xa t~W / -f"hv caryotype ofrfsmallmouth charp is described in present paper.

M b

"karyotypes. of 8 small mouth charp* (3 females and 5 males) 
were studied. Fishes were captured by nets at depths between 5 
and 100 m. Identification of samples as smallmouth char/ was 
made by morphological features (Yiktorovsky^ t a p , 1981). 
After colchicine injection (1 ml of 0.5©solution per 1000 g 
of body %e £fht|rc^i weec place :i in fich/pond#^ dopt%S H ^  

^/hromosomal slides were prepared by^air-drying method (Frolov, 
1989). The main steps of this method are preparing of/ kidney
cell suspension in 0. 3%)solution of KOI fry syringe, hypotonic 
treatment by 0. ?l) solution of KC1 duftng 25-30 min,
centrifugation of suspension with 1000 r/p/mj ¿tufSng 5 min,
fixation^of sediment by ethanol-glacial acetic acid (3:1)
during-an hou£ and the fixed suspension on slides.

■ o ' |i
Slides were stained with Giemsa (40/solution in phosphate 
buffer pH 6. 8).

-HAP RESULTS
Results of chromosome counting in kidney cells and counti-ng

' " 1K*- , ''f’-rpt.
of ce-H s  otudie^ in each fish are shown in^Jable^ ̂ -üSaryotype 
of small mouth charf is ^variable7 consists^ of 76^78 
chromosomes #itinconstant Nî feS. 0bviously^*varlability- of

fKi & L %chromosome number is based - o» rRobertsonian rearrangement.
0yUiibiif »

Almost all fish® studied ape mosaic in chromosome number with 
a predominance of cells with 77 chromosomes. No connection of



uuinchromosome number and- sex <̂f~flshejB studied was found.
karyotype of pmallmouth— chan/ 2r^8 consists of 

metacentric, 2 submetacentric and 58 subtelo- and acrocentric 
chromosomes,. NF=98 (Fig. yi(a)j. >3Lhe'Two eut o^t'our smallest 
metacentric chromosomes have^satellite their smafl arms.
Submetacentric chromosomes are equal in length to
metacentric chromosomes of the second pair; they have
satellite^in their short arms too. Satellites are not visible 
in all metaphase spreads and * often visible only in one 
chromosome of each pair (Figf^f). Subtelo- and acrocentric 
chromosomes grade evenly from th^ largest to tsmallest. The 
largest are equal in £heiy length to metacentrics of the 

y the smallest are much shorter than smallest
•tmetacentrics. In some spreads the first pair kirocentrics are

-t  ̂ «f 4
dfstincly longer than the second pair acrocentrics.

Th< A ^  hoi *karyotype 2r[f477. Î .horo one additional metacentric but
p h Am

two acrocentrics are absent (Fig. ̂ f(b)] .. ̂ paired metacentric
is some, longer, or equal in its length to metacentrics of the * * '
f i r s t  pai r. Karyotype Snap'S is characterized by having two

r* I pc4?.'ns ladditional metacentrics and missing four acrocentrics tFig.
1 a

1(c)3. Cells with such karyotype were noted in three fishdi.

-i# d/scussiom
Studyjt-R# of char/s in places of endemism and sympatry of

 ̂s wi !rt A/l 1. s> \ ip^

fff ̂
^  v yj systemat:

c  >  n  p  (^o { / 1 ^  ^  ^ ,different species /seems4— lu be very-/useful^ w.t species pei
T■***£( r̂i f  -4̂ 7® 4

■te-pms— ©f
ics, evolution^ and phylogeny. ^Elgygytgyi\Lal^ in 

/Central Chukot|^ is^typical refugium and place of endemism. It
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■r fi

Wes

-ft

» ^  «1 t m(fs~sTiruated\ at rthe altitude of 490 m and during pleistocene 
jf ur> ai 2c »3 tgJ? * n <<  ̂« T  Tfc<*T was pot subjected or glaciatiofl submerged bŷ  sea wetter

durins^écsan transgressions. This lake was formed in̂  meteorite
).5 million^ years ago (Gurov Gurova, 1981)

Tyk, jĵ 3 S 5
During |Hat time}! itA had higher water level in some periods,

f0
flowing «in-Kolyma River (Arctic basin) and may^ served as

+K.a refugiurn for charr̂  of. Arctic region. 
c a T i < s  • >  to_ r M

[At J iu w aday Syiit has
ffiowirig r V Anadyr River (Bering Sea, Pacific basin).

4 mouth char/ is one etfe of three .species efShar^ U «  ‘ A — zri
inhabiting Erl gygytgyn—fcako
m a£>*i more.

It a chary- liv^rf at depths,50
Acceding to morphological data it has some 

*wi| shrvI tf2-f "t*<
likeness with charps of the Arctic group especialy wi-efe Arctic
charf S a lv e l im s a l p i  nust(Viktorovsky( e t a , 1981) / At-

Vvo u>ei / e r \  ‘t h e  9 f^ e s T  r t e £ l e e t
the- same t i~rn̂  divergence of smallmouth char/ ^  * direction - tcy **■*

A* G* ►V i) | C , *  ̂̂  \1<r*>sr feeding ©r Bottom planeton organisms fff unique among charts.
In' spite of great morphological divergence smallmouth char/i

ttp fw ’’ tM v
*ha^ kafyotype whteh veny similar toAkaryotype of^Arctic 
studyingJby cotdo authors ■ (Cavender, 1984; Hartley, 1989; 
Pleyte ^ t~ a l), 1989). small mouth char/ karyotype ”̂ n^8, NF 
=98 is apparently identical to 'fchey in gross morphology. 
€onstderabIe simi 1 arity--of. these two karyotypes is j-p̂ a good
accodSTiee-w-i-feh— morf?hol-ogi caf Thi;

i-kjt A *  <S> ffT * i< r
similarity of

I n*. 1̂ vr -p f '»r ^ ----------karyotypes airse^^iuÆ^âtêsJ^Mt smallmouth char/<ancestor? had
d _ — c. og f  k* ' ' —  ^<gone in Etgygytgyn Lal<̂  from A Arctic basin.

BCKü/ûUr — ^pnSlogica.m . of ElgygytgyrCLake)and' morpnological
4  * • /v  ^ -----^ ■ Ai ̂ rgenc-f f  __ ______ _peeuln-apity of smallmouth charit is strange that (divergence?

là—  J./rr< —  —  ----::— ^
^pf its karyotype fĝ scrsinacfl. This ^ ituatieft |îwç

p p /*
good
5» <2ï
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£v\ example of uneven rates of morphological and karyological 
evoluti or̂ é.

¿3 Masare i sm of~siiB±irmmíth o7sa
Such type M7Í' f

2í *v«ra? karyotype >w -  i ab i li ty known in different
( _ n**/' Il

species o^-salmonine fish es ( Ohno (£F^aL), 1965; Hartley (&)
Horne, 1984; Hartley, 1988). It have been described in 
ôme specie o of | char^£piuchjas Sa lvelinus  frWalbaumj) ? «U

O' *«as fo n t  in a i i s  (Mitchi l-p̂  (Davisson aH), 1973)
endemic char/s of^Kronotskoye^L^e) on Kamchatka (Viktorovsky, 

vei i nas1978)!j§
Tíi<

al bus ftlubokovsky from Kamchatka River
ft/ r* ¿g'

(Frolov, in press). Accodine present dsf data )
C0i^s i^teuTX y has 3 t +4, ^
airrrT'v'ai iobl^ karyotype^2n^8, NF|=j38 /almost in all populations in

Canada, Norway and Scotland (Cavender, 1984; Phillips^nf^aT 
J i js

1988; Pleyte (et aJS), 1989). One ytty of 27 fishfrS^qtuaiod wit-frli Ü  ̂ jT T. ft “V Ur- fN9 W\ <3? e -------------- *2nW7, N M S  ^as founq)4n fehe— OTiî L_population in Scotland
"(Hartley, 1989X)^ and 80 chromosomes with 20 metacentrics

l S ^ 7 T 7 ^ r ^ r Je U c r  t̂ tñ?é¿f±(jŜ,n .^MaineK popuTStrren^ (Disney [&j -Ttesci'ibed ii/ from USA
Wright, 1987). -But this type of chromosomal variabilityA4  ̂ >

Vouuv/̂ î differs from intraindividual mosaicism founded4 in small mouth 
char/.

a.

■fh, ' S '  i
Another peculiarity of 4 srnal 1 mouth - charr karyotype is 

predominance of cells with,odd number of chromosomes. Almost
^ Tfc, 4 47Q%) ofjj ce 11s observed have 2nW?7, Nij-̂8. Ûvnously snen

heterozygous state— of karyotype demonstp^es- an--rn4-Lral stage 
T~io i s  n*>y i n d i t ^ T 'e  3,of-giraT linouLh cHar-r kar\70tvne-Tfr verge nee and -may—refieerb—the

tendency o t * <̂ chromosome number^reductionjiduring evolution of
this karyotype.
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[Table/ // .Chromosome numbers in kidney cells of smallmouth| 1 0
char/ Sal vei l m s  elgyticusVictorovsky et Glubokovsky

Number of cells

Fish Sex NF=98 ' NF=98 Total

2n=76 2n=77 2n=78

1 Çr- - 5 4 - 9
2 m 21 : - ■ , ■ 1 22
3 f 10 11 - 21
4 f | 3 8 1 12H
5 m [ 3 16 - - 19
6 !m j 1 8 1 - 10
7 I'm

1 1 9 - 1 11
8 1f / 2 - 1 3
Total 5 74 24 4 107



Legend to  f ig u r e

Karyotypes of smallmouth char/,
Viktorovsky et Glubokovsky 2r^8, W ^ 8  (a), 2n^J7f
NF|=j98 (b)  ̂ and 2r̂j?Q,NFj=/)8 (c). Chromosomes with 
satellites are underlined.



Karyotype and Chromosomal Variability in Smallmouth Char, 
Salvelinus elgyticus, from Lake Elgygytgyn

S.V. Frolov

Institute o f Marine Biology 

Russian Academy o f Sciences 

Vladivostok

The karyotype o f the endemic smallmouth char, Salvelinus elgyticus, from 

T akp 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 = 

98. Almost all fish studied exhibited mosaics in chromosome number with a predom

inance of cells with In = 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 naniaycush, S. fontinalis, S. 

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

1



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 o f widely distributed and locally endemic char that can be separated 

on the basis o f 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 o f 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 o f 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

2



made by morphological features (Viktorovsky et al., 1981). After colchicine injection (1 ml of 0.5 

percent solution per 100 g o f 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 KC1, hypotonic treatment by 0.5 percent solution of KC1 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 o f 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.

§Mj .

The karyotype of 2 n = 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 o f 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.

3



The karyotype 2 n = 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 o f the 

first pair. Karyotype 2 n = 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 o f 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 o f 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 o f 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 o f smallmouth char reflecting adaptations for feeding on benthic planktonic organisms is 

unique among chars.

4



In spite of great morphological divergence, the smallmouth char’s karyotype is quite similar 

to the karyotype o f the Arctic char (Cavender, 1984; Hartley, 1989; Pleyte et al., 1989). The 

smallmouth char karyotype o f 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 o f uneven rates o f morphological and karyological evolu

tion.

Polymorphic karyotypes are known in different salmonine fishes (Ohno et al., 1965; 

Hartley and Home, 1984; Hartley, 1988). It has been described in such chars as Salvelinus 

cush and S.fontinalis (Davisson et al., 1973), endemic chars o f 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 o f 27 fish 

from one population in Scotland (Hartley, 1989) had 2 = 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 o f the smallmouth-char karyotype is a predominance o f cells with an 

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

may indicate a tendency for reduction in chromosome number during evolution of this karyotype.

5
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[Figure caption]

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

98 (a), In = 77, NF = 98 (b), and In = 76, NF = 98 (c). Chromosomes with satellites are under

lined.
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[Table]

Chromosome Numbers in Kidney Cells of Smallmouth Char 

Salvelinus elgyticus Victorovsky et Glubokovsky

Fish No. Sex

Number of cells

Total

00ONII 00
ONII

In  = 76 to II 2n =  78

i M __ 5 4 — 9
2 M — 21 — 1 22
3 F '---- 10 11 — 21
4 F — 3 8 1 12
5 M 3 16 — ---- | 19
6 M 1 8 1 — 10
7 M 1 9 — 1 11
8 F — 2 — 1 3

Total — 5 74 24 4 107

9



Dr. Robert J. Behnke 
Department of Fishery and 
Wildlife Biology 
Colorado State University 
Fort Collins, CO 80523 
USA

' ' ' ' ' ¡ | | j i

%



KX If I K  II I f  K *  I l  «I h
f U V M  ft* f^fv A 4  * *  * *

H A  A  A  A *  M  rI A  A  A A  A H  

•  •  A A  M  •  A  A H  A *  * •  « *  0 0  r % n

t )l \\ it n )» )t h U »
Il Bl IV »( I« It M M
II It K» M  H  *1 A* H  H  U
•  •  • >  I l  U  I I  M  • •  » I  M  M

A *
Ci)

ti it ti u n h u  it it h

U le i« » » »  >• »
y-J- '

# A  I I  a a M  a  A  to If A  • I I  tl





Karyotype and chronosonal variability in smallnouth
charr, S a lv e lin u s  elgy Viktorovsky et

Glubokovsky frosi Elgygytgyn Lake

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

17 Palchevskogo Street, Vladivostok, Russia

Karyotype of endemic smallmouth charr 
Viktorovsky et Glubokovsky from Elgygytgyn Lake in Central 
Chukotka have been studied. Although morphological divergence 
of smallmouth charr is very great, its karyotype is very 
similar to Arctic charr S a lv e lin u s (L.) one and
consists of 76-78 chromosomes, NF-98. Almost all fishes 
studied are mosaics in chromosome number with predominance of 
cells with 2n»77 karyotype. Similarity of gi%78 karyotype 
of smallmouth charr with S a lv e lin u s (L.) one indicates
that smallmouth charr ancestor have gone in Elgygytgyn Lake 
from Arctic basin.

I. INTRODUCTION
The charrs of the genus Salvelattract researcher's
attention for a long time. There are two opposite points of

t
view on systematics and phylogeny of these fishes in Russia. 
The main problem is identification of charr's specimens on 
intraspecific and interspecific levels. The first point of 
view is based on recognition that only some '’good” species of 
charrs - S a lv e l in u s  namycush(Walbaum),
(\Milulinj!),. S a lv e l in u s  leucomaenis(Pallas) and extremely
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polymorphic arctic charr S a l v e l i n u  (L.) are real 
species. This opinion is expressed by Dr. K. A. Savvaitova and 
her collagues (Savvaitova, 1989). The second point of view is 
closed to the idea of L. S Berg (1948) that Arctic and Pacific 
regions are inhabited by plenty widely distributed and local 
endemic species of charrs which may be separated on the basis 
of their morphological characters. Some of new species of 
charrs are desrribed presently too (Glubokovsky, 1977; 
Viktorovsky et a l., 1981; Chereshnev , 1989). These
authors divide the Palearctic charr species into two 
phylogenetic groups: the more archaic Arctic group of species 
(in that number Sa lve  U r n s  a l pirns(L.),
Berg, Salvelinusczerskii Drjagin, Taranetz,
S a lv e l in u s  ta r a n e tz i Kaganovsky) and the-more advanced Pacific 
group of species (among others 
(Pallas), S a lv e l in u s  malm(Walbaum),
(Pallas), S a lv e l in u s  albusGlubokovsky). Obviously some
questions on Charr Problem may be resolved by investigation of 
endemic charrs inhabiting some lakes in Arctic region and 
Kamchatka Peninsula. One of such lakes is Elgygytgyn Lake in 
Central Chukotka where three species of charrs were found 
(Viktorovsky e t  a l . , 1981; Chereshnev & Skopets, 1990). Two
out of this species - longfin charr,
Chereshnev et Skopets and smallmouth charr, 
e lg y t ic u s Viktorovsky et Glubokovsky are endemic of this lake, 
the third species boganide charr, Berg'is
Sibirian endemic.



Karyotype of smallmouth charr is described in present paper.

II. MATERIAL AND METHODS
Karyotypes of 8 smallmouth charrs (3 females and 5 males) 

were studied. Fishes were captured by nets at depths between 5 
and 100 m. Identification of samples as smallmouth charr was 
made by its morphological features (Viktorovsky a l . , 1981). 
After colchicine injection (1 ml of 0.5% solution per 1000 g' 
of body weight) fishes were placed in fish-pond at depth 5 m. 
Chromosomal slides were prepered by air-drying method (Frolov, 
1989). The main steps of this method are preparing of kidney 
cell suspension in 0.5% solution of KOI by syringe, hypotonic 
treatment by 0.5% solution of KC1 during 25-30 min, 
centrifugation of suspension with 1000 r. p. m. during 5 min, 
fixation of sediment by ethanol-glacial acetic acid (3:1) 
during an hour and dropping'the fixed suspension on slides. 
Slides were stained with Giemsa (4% solution in phosphate 
buffer pH 6.8).

III. RESULTS
Results of chromosome counting in kidney cells and counting 

of cells studied in each fish are shown in Table I. Karyotype 
of smallmouth charr is variable and consists of 76-78 
chromosomes with constant NF=98. Obviously variability of 
chromosome number is based on Robertsonian rearrandement. 
Almost all fishes studied are mosaic, in chromosome number with 
predominance of cells with 77 chromosomes. No connection of
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chromosome number and sex of fishes studied was found.
Karyotype of smallmouth charr 2n=78 consists of 18 

metacentric, 2 submetacentric and 58 subtelo- and acrocentric 
chromosomes, NF=98 [Fig. 1(a)1. The two out of four smallest 
metacentric chromosomes have satellite in their small arms. 
Submetacentric chromosomes are equal in their length to 
metacentric chromosomes of the second pair, they have 
satellite in their short arms too. Satellites are not visible 
in all metaphase spreads and often visible only in one 
chromosome of each pair (Fig. 1). Subtelo- and acrocentric 
chromosomes grade evenly from the largest to the smallest. The 
largest are equal in their length to metacentrics of the 
seventh pair, the smallest are much shorter than smallest 
metacentrics. In some spreads the first pair acrocentrics are 
distincly longer than the second pair acrocentrics.

In karyotype 2n=77 there is one additional metacentric but 
two acrocentrics are absent [Fig. 1(b)I. Unpaired metacentric 
is some longer or equal in its length to metacentrics of the 
first pair. Karyotype 2n=76 is characterized by having two 
additional metacentrics and missing four acrocentrics [Fig. 
1(c)]. Cells with such karyotype were noted in three fishes.

IV. DISCUSSION
Studying of the charrs in places of endemism and sympatry of 

different species seems to be very useful1 in terms of 
systematics, evolution and phylogeny. Elgygytgyn Lake in 
Central Chukotka is typical refugiurn and place of endemism. It
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is situated at the altitude of 490 m and during pleistocene 
was not subjected of glaciation or submerged by sea water 
during Ocean transgressions. This lake was formed in meteoric 
crater 3.5+0. 5 millions years ago (Gurov & Gurova, 1981). 
During that time it had higher water level in some periods, 
flowing in Kolyma River (Arctic basin) and may served as 
refugiurn for charrs of Arctic region. At nowadays it has 
flowing in Anadyr River (Bering Sea, Pacific basin).
Smallmouth charr is one out of three species of charrs 

inhabiting Elgygytgyn Lake. It is a charr living at depths 50 
m and more. Accoding to morphological data it has some 
likeness with charrs of the Arctic group especialy with Arctic 
charr S a lv e l in u s  alpifius(L.) (Viktorovsky , 1981). At 
the same time divergence of smallmouth charr in direction to 
feeding of. bottom piancton organisms are unique among charrs.

In spite of great morphological divergence smallmouth charr 
has karyotype which very similar to karyotype of Arctic charr 
studying by some authors (Cavender, 1984; Hartley, 1989; 
Pleyte e t  a l . , 1989). But smallmouth charr karyotype 2n=78, NF 
=98 is apparantly identical to them in gross morphology. 
Considerable similarity of these two karyotypes is in a good 
accedence with morphological data This similarity of 
karyotypes also indicates that smallmouth charr ancestor had 
gone in Elgygytgyn Lake from Arctic basin. To take into 
account very great age of Elgygytgyn Lake and morphological 
peculiarity of smallmouth charr it is strange that divergence 
of its karyotype is so small. This situation may serve as good
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example of uneven rates of morphological and karyological
evolutions. §|
■ # ■

Mosaicism of smallmouth charr karyotype is its peculiarity. 
Such type of of karyotype variability is known in different 
species of salmonine fishes (Ohno , 1965; Hartley &
Horne, 1984; Hartley, 1988). It have been also described in 
some species of charrs such as (Walbaum),
Sa lve  l i  m s  fo n t  trial is, (Mitchill) (Davisson 1973),
endemic charrs of Kronotskoye Lake on Kamchatka (Viktorovsky, 
1978), Sa lve  l in u s  albusGlubokovsky from Kamchatka River
(Frolov, in press). Accoding present day data Arctic charr has 
invariable karyotype 2n=78, NF-98 almost in all populations in 
Canada, Norway and Scotland (Cavender, 1984; Phillips e t , 
1988; Pleyte e t  a l. , 1989). One out of fishes studied with 
2n=77 , NF=98 was found in the only population in Scotland 
(Hartley, 1989), and 80 chromosomes with 20 metacentrics were 
described in fishes from USA (Maine) population (Disney & 
Wright, 1987). But this type of chromosomal variability 
differs from intraindividual mosaicism founded in smallmouth 
charr.

Another peculiarity of smallmouth charr karyotype is 
predominance of cells with odd number of chromosomes. Almost 
70% of cells observed have 2n=77, NF=98. Obviously such
geterozygous state of karyotype demonstrates an initial stage 
of smallmouth charr karyotype divergence and may reflect the 
tendency of chromosome number reduction during evolution of 
this charr karyotype.
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Table I. Chromosome numbers in kidney cells of smallmouth 
charr Sal velinusel gyt i cus* yictorovstey e-t Glubokovsky)

Number of cells

F i s h S e x NF= 9 8 NF==98 T o t a l

2 n = 7 6 2 n = 7 7 2 n = 7 8

1 m . - 5 4 - 9

2 m ' 2 1 - 1 2 2

3 f - ■ 1 0 11 -  ■ 21

4 f 3 8 1 1 2

1 rn 3 1 6 - | 1 9

6 m 1 8 1 1 0

7 m 1 9 - 1 - 1 1

8 f | 2 - 1 3

T o t a l 5 7 4 2 4 4 1 0 7
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Legend to  figure

Fig. 1. Karyotypes of small mouth charr, Salve! inus e lg y tic u s  

f iirtorovskŷ trGIuEsetesvsl?̂  2n-78, NF=98 ( a), 2n=77,
NF=98 (b) and 2n=76, NF=98 (c). Chromosomes ' with
satellites are underlined.
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U n u s u a l  c h r o m o s o m e  s e t«  a n d  c o n s t . i t u t i v e  

h e t e r o c h r o m a t i n  i n  n e w  e n d e m i c  s a l m o n i n e  f i s h

S a l v e t h y a u s  s v e t o v i d o t s i

S .  V . F r o l o v

I n s t i t u t e  o f  M a r i n e  B i o l o g y  

R u s s i a n  A c a d e m y  o f  S c i e n c e s  

V l a d i v o s t o k

T h e  k a r y o t y p e  o f  n e w  e n d e m i c  s a l m o n i n e  f i s h ,  

s v e t o v i d o v i , c l o s e  r e l a t e d  t o  Sa i n u s ,  f r o m  L a k e  E l g y g y t g y n  

( C e n t r a l  C h u k o t k a )  w a s  e x a m i n e d .  I t  c o n s i s t s  o f  v e r y  l o w  f o r  

s a l m o n i n e  f i s h e s  n u m b e r  o f  c h r o m o s o m e s  ■ 5 6 ,  N F * 9 8 .  S o m e

p e c u l i a r i t i e s  o f  S a l v e t h y a u s  sv  k a r y o t y p e  s h o w  i t s  

l i k e n e s s  t o  k a r y o t y p e s  o f  S a l v e l i n u s  a n d  S . n a n a y c u s h  a n d  

a l l o w  t o  p r o p o s e  t h a t  S a l v e t h y a u s  w a s  s e p a r a t e d  f r o m

co m m o n  w i t h  o t h e r  c h a r s  p h y l o g e n e t i c  l i n e  e a r l i e r  t h a n  a n y  m o d e r n  

s p e c i e s  o f  g e n u s  S a l v e l i n u s .  T h e  r a t e  o f  k a r y o t y p e  r e a r r e n g e m e n t s  

d u r i n g  i n d e p e n d e n t  e v o l u t i o n  o f  s v e t o v i d o v i  w a s

p r o b a b l y  v e r y  h i g h .

I n t r o d u c t i o n

T h e r e  a r e  t h r e e  s p e c i e s  o f  s a l m o n i n e  f i s h e s  i n h a b i t  a n c i e n t  

( m o r e  t h a n  3  m i l l i o n  y e a r s  o l d )  L a k e  E l g y g y t g y n  i n  C e n t r a l  

C h u k o t k a .  T w o o f  t h e m  -  e n d e m i c  f o r  L a k e  E l g y g y t g y n  s m a l l r a o u t h  

c h a r ,  S a l v e l i n u s  e l g y t  i c u s ,  a n d  S i b e r i a n  e n d e m i c  b o g a n i d e  c h a r ,  

S . j b o g a n i d a e ,  a r e  t y p i c a l  m e m b e r s  o f  g e n u s  S a l v e l i n u s  a s  s h o w e d  

t h e i r  m o r p h o l o g i c a l  a n d  k a r y o l o g i c a l  c h a r a c t e r s  ( V i k t o r o v s k y  e t  

a l . ,  1 9 8 1 ;  F r o l o v ,  1 9 9 2 ,  i n  p r e s s ) .  B u t  t h e  t h i r d  s p e c i e s  w a s  

d e s c r i b e d  a s  n e w  g e n u s  a n d  s p e c i e s  o f  s a l m o n i n e  f i s h  -  l o n g f i n  

c h a r ,  S a l v e t h y a u s  s v e t o v i d o v i  ( C h e r e s h n e v  a n d  S k o p e t s ,  1 9 9 0 ) .  

S o m e  o f  i t s  m o r p h o l o g i c a l  c h a r a c t e r s  s h o w e d  t h a t  t h i s  s p e c i e s  i s  

m o r e  s i m i l a r  t o  c h a r s  o f  t h e  g e n u s  S a l v e l i n u s  t h a n  t o  f i s h e s  o f  

o t h e r  g e n e r a  o f  Salaonidae. I t  w a s  p r o p o s e d  t h a t  t h i s  f i s h  i s  

m o r e  a n c i e n t  t h a n  a l l  m o d e r n  s p e c i e s  o f  S a l v e l i n u s  a n d  m o r e  c l o s e  

r e l a t e d  j u s t  t o  t h e i r  a n c i e n t  f o r m  ( C h e r e s h n e v  a n d  S k o p e t s ,  

1 9 9 0 ) .  A p p a r e n t l y  t h e  d a t a  a b o u t  k a r y o t y p e  o f  l o n g f i n  c h a r  w i l l  

b e  v e r y  u s e f u l  f o r  m o r e  c l e a r  i d e a  i n  c h a r ’ s  p h y l o g e n y  t h e  m o r e  

s o ,  a s  i t  h a s  v e r y  u n u s u a l  f o r  c h a r  f i s h e s  c h r o m o s o m e  s e t .
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M a t e r i a l s  a n d  M e t h o d s

K a r y o t y p e s  o f  1 3  l p n g f i n  c h a r s  ( 6  f e m a l e s  a n d  7  m a l e s )  w e r e  

s t u d i e d .  F i s h e s  w e r e  c a p t u r e d  b y  n e t s  a t  d e p t h s  5 0 - 1 0 0  m. T h e y  

w e r e  i d e n t i f i e d  a s  l o n g f i n  c h a r s  b y  m o r p h o l o g i c a l  f i t u r e s  

( C h e r e s h n e v  a n d  S k o p e t z ,  1 9 9 0 ) .  C h r o m o s o m a l  s l i d e s  w e r e  p r e p a r e d  

b y  a i r - d r y  m e t h o d  f r o m  k i d n e y  t i s s u e  ( F r o l o v ,  1 9 8 9 )  a f t e r  

c o l c h i c i n e  i n j e c t i o n  ( 1  m l o f  0 . 5  p e r c e n t  s o l u t i o n  p e r  1 0 0  g  o f  

b o d y  w e i g h t  p e r  n i g h t ) .  S l i d e s  w e r e  s t a i n e d  w i t h  G ie m s a  ( 4  

p e r c e n t  s o l u t i o n  i n  p h o s p h a t e  b u f f e r  pH  6 . 8 )  o r  b y  t h e  C - b a n d i n g  

m e t h o d  ( S u m n e r ,  1 9 7 2 ) .

R e s u l t s

A l l  f i s h e s  s t u d i e d  h a d  2 n ® 5 6  k a r y o t y p e s  c o m p r i s i n g  4 2  

m e t a c e n t r i c  a n d  1 4  a c r o c e n t r i c  c h r o m o s o m e s ,  N F * 9 8  ( t a b l e ,  f i g .  

1 ) .  M e t a c e n t r i c  c h r o m o s o m e s  a r e  v e r y  s i m i l a r  i n  t h e i r  m o r p h o l o g y  

a n d  g r a d u a l l y  d e c r e a s e  i n  t h e i r  l e n g t h .  S o m e t i m e s  f e w  m i d d l e  

s i z e d  s u b m e t a c e n t r i c s  c a n  b e  v i s i b l e  i n  s p r e a d s  ( f i g .  1 ,  2 ) .

T h e s e  c h r o m o s o m e s  h a v e  d i f f e r e n t  s t r u c t u r e  a n d  m a y  h a v e  

s a t e l l i t e s  o r  s a t e l l i t e - l i k e  s t r u c t u r e  a t  t h e i r  l o n g  (  f i g .  2 a )  

o r  s h o r t  a r m s  ( f i g .  2 b ) . D e p e n d  o n  p r e s e n c e  o r  a b s e n c e  o f  

s a t e l l i t e s  t h e s e  c h r o m o s o m e s  a r e  l o o k e d  a s  m e t a c e n t r i c  o r  

s u b m e t a c e n t r i c .  A c r o c e n t r i c  c h r o m o s o m e s  a r e  v e r y  s i m i l a r  i n  t h e i r  

l e n g t h ,  a l l  o f  t h e m  h a v e  n o t  v i s i b l e  s e c o n d  a r m s .  T h e  l o n g e s t  

a c r o c e n t r i c  c h r o m o s o m e s  a r e  c o n s i d e r a b l y  s h o r t e r  t h a n  t h e  

s h o r t e s t  m e t a c e n t r i c .

C - b a n d i n g  r e v e a l e d  s m a l l  h e t e r o c h r o m a t i c  b a n d s  a t  

c e n t r o m e r e s  o f  s o m e  m e t a c e n t r i c  a n d  f e w  a c r o c e n t r i c  c h r o m o s o m e s .  

T h e  m a j o r i t y  o f  m e t a c e n t r i c s  h a v e  l a r g e  c o n s p i c u o u s  C - b a n d s  a t  

o n e  o r  b o t h  t e l o m e r e s .  A l l  a c r o c e n t r i c s  a l s o  h a v e  C - b a n d s  

a t  t e l o m e r e s .  T h e  l e n g t h  o f  C - b a n d s  m e a s u r e d  o n  e n l a r g e d  

m i c r o p h o t o g r a p h  ( f i g .  ^  w a s  2 8 .5 %  o f  t h e  w h o l e  l e n g t h  o f  

c h r o m o s o m e  s e  t .

N o d i f f e r e n c e s  b e t w e e n  m a l e s  a n d  f e m a l e s  k a r y o t y p e s  w a s  

f o u n d .

D i s c u s s i o n

M o s t  o f  s p e c i a l i s t s  s u g g e s t  t h a t  k a r y o t y p e  e v o l u t i o n  i n  

S a l m o n i d a e  i n c l u d i n g  S a l i / B l i n u s  w a s  c a r r i e d  o u t  m a i n l y  b y  

R o b e r t s o n i a n  f u s i o n  a n d  p e r i c e n t r i c  i n v e r s i o n s  i n  d i r e c t i o n  o f
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l o w e r  n u m b e r s  o f  c h r o m o s o m e s  a n d  c h r o m o s o m e  a r m s  ( V i k t o r o v s k y ,  

1 9 7 8 ;  H a r t l e y ,  1 9 8 9 ;  C a v e n d e r  a n d  K im u r a ,  1 9 8 9 ) .  A c c o d i n g  t o  t h i s  

p o i n t  o f  v i e w  s u c h  c h a r a c t e r s  o f  c h a r ' s  k a r y o t y p e s  a s  h i g h e r  

n u m b e r  o f  c h r o m o s o m e s  ( 2 n - 8 4 - 8 6 )  w h i c h  i s  a c c o m p a n i e d  b y  

l o w  n u m b e r  o f  t w o - a r m e d  c h r o m o s o m e s ,  h i g h e r  a r m  c h r o m o s o m e  

n u m b e r  ( N F * 1 0 0 ) ,  g r a d u a l  d e c r e a s i n g  o f  a c r o c e n t r i c s  l e n g t h  m u s t ,  

b e  r e g a r d e d  a s  p r i m i t i v e .  D e c r e a s e d  n u m b e r s  o f  c h r o m o s o m e s  

a n d  c h r o m o s o m e  a r m s  ( 2 n * 7 8 - 8 2 ,  N F * 9 8 ) , a p p e a r a n c e  i n  k a r y o t y p e s  

o f  s u b m e t a c e n t r i c  c h r o m o s o m e s  a s  r e s u l t  o f  p e r i c e n t r i c  i n v e r s i o n  

a n d  l a r g e  a c r o c e n t r i c  c h r o m o s o m e s  a s  r e s u l t  o f  c e n t r o m e r e  s h i f t  

a r e  c o n s i d e r e d  a s  d e r i v e d  ( V i k t o r o v s k y ,  1 9 7 8 ;  U e d a  a n d  0 j  i m a , 

1 9 8 3 b ;  C a v e n d e r  a n d  K im u r a ,  1 9 8 9 ) .

K a r y o t y p e  o f  l o n g f i n  c h a r  c o n t a i n s  o n l y  5 6  c h r o m o s o m e s .  S u c h  

l o w  n u m b e r  o f  c h r o m o s o m e s  i n  k a r y o t y p e  i s  v e r y  u n u s u a l  f o r  c h a r s  

w h i c h  h a v e  a s  r u l e  7 6 - 8 6  c h r o m o s o m e s .  B u t  c h r o m o s o m e  a r m  n u m b e r  

i s  t i p i c a l  f o r  S a l v e l i n u s  -  d i f f e r e n t  s p e c i e s  h a v e  N F * 9 8 - 1 0 0  

( V i k t o r o v s k y ,  1 9 7 8 ;  C a v e n d e r ,  1 9 8 4 ;  C a v e n d e r  a n d  K im u r a ,  1 9 8 9 ) .  

N o t  l e s s  t h a n  2 2  R o b e r t s o n i a n  f u s i o n  a n d  1 p e r i c e n t r i c  i n v e r s i o n  

h a v e  t a k e n  p l a c e  d u r i n g  e v o l u t i o n  o f  i t s  k a r y o t y p e  f r o m  k a r y o t y p e  

o f  s a l m o n i d  f i s h e s  a n c e s t o r  ( r o u g h l y  1 0 0  a c r o c e n t r i c  c h r o m o s o m e s ) .  

I t  a s s u m e s  v e r y  h i g h  r a t e  o f  k a r y o t y p e  e v o l u t i o n  i n  l o n g f i n  c h a r ,  

w h i c h  h a s  a s  r e s u l t  o f  t h i s  p r o c e s s  t h e  m o s t  d e r i v e d  k a r y o t y p e  i f  

c o m p a r e  w i t h  S a l v e l i n u s  s p e c i e s .

A m on g  m o r e  t h a n  5 0  k a r y o l o g i c a l l y  s t u d i e d  s a l m o n i d  f i s h e s  

o n l y  f o u r  s p e c i e s  -  O n c o r h y n c h u s  ( 2 n = 5 2 - 5 4 ,  NF= 1 0 4 )  ,

P a r a s a l m o  a p a c h e  ( 2 n * 5 6 ,  N F = 1 0 6 ) ,  ( 2 n = 5 6 , N F - 1 0 5 )  a n d

S a l m o  s a l  a ir  ( 2 n = 5 6 - 5 8 ,  N F = 7 4 )  h a v e  s o  d e r i v e d  k a r y o t y p e s  ( N y g r e n  

e t  a l . ,  1 9 6 8 ;  M i l l e r ,  1 9 7 2 ;  B e a m i s h  a n d  M i l l e r ,  1 9 7 7 ;  G o r s h k o v  

a n d  G o r s h k o v a , 1 9 8 1 ) .  S o ,  k a r y o t y p e  o f  l o n g f i n  c h a r  i s  o n e  m o r e

e v i d e n c e  f o r  p r e d o m i n a n c e  o f  R o b e r t s o n i a n  f u s i o n  i n  k a r y o t y p e  

e v o l u t i o n  i n  S a l a o n i d a e  . T h e s e  d a t a  a l s o  s u g g e s t  i n d e p e n d e n t  a n d  

p a r a l l e l  k a r y o t y p e  e v o l u t i o n  i n  d i f f e r e n t  s a l m o n i d  t a x a .

T h e r e  a r e  s o m e  m a r k e r  c h r o m o s o m e s  i n  n u s  k a r y o t y p e s .

O n e  o f  t h e m  a r e  a  p a i r  o f  s u b m e t a c e n t r i c  c h r o m o s o m e s .  T h e  

p r e s e n c e  o f  t h e s e  c h r o m o s o m e s  i n  k a r y o t y p e s  o f  s o m e  P a c i f i c  t a x a  

w a s  o n e  o f  t h e  r e a s o n  f o r  d i v i d i n g  c h a r s  o n  t w o  g r o u p s  -  A r c t i c  

g r o u p  w i t h  S.alpinus,S.namaycush a n d  S . f o n t  i n a l  i s  a n d  P a c i f i c

g r o u p  w i t h  S . l e u c o a a e n i s ,  S .m a lm  e n d e m i c  c h a r s  o f  L a k e

K r o n o t s k o y e  ( K a m c h a t k a )  ( V i k t o r o v s k y ,  1 9 7 8 ) .  T h e s e  c h r o m o s o m e s  i n
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k a r y o t y p e s  o f  a l l  P a c i f i c  t a x a  i n c l u d i n g  w a s

p o i n t e d  o u t  b y  C a v e n d e r  a n d  K im u r a  ( 1 9 8 9 ) .  S u b m e t a c e n t r i c

c h r o m o s o m e s  c a n  a l s o  b e  f o u n d  i n  p u b l i s h e d  k a r y o t y p e s  o f  A r c t i c  

c h a r s  t a x a  - S . a l  p i n u s  ( P h i l l i p s  a n d  I h s s e n ,  1 9 8 5 ;  D i s n e y  a n d  

W r i g h t ,  1 9 8 7 ;  H a r t l e y ,  1 9 8 9 ) ,  S .fonb(C a p a n n a  e t  a l . ,  1 9 7 3 ;  

K l i g e r m a n  a n d  B lo o m ,  1 9 7 7 ;  U e d a  a n d  O j i n a ,  1 9 8 3 b ;  U e d a ,  1 9 8 7 »  

H a r t l e y ,  1 9 9 1 ) ,  p r o b a b l y  S . n a m a y c u s  ( P h i l l i p s  a n d  Z a j i c e k ,  

1 9 8 2 :  C a v e n d e r ,  1 9 8 4 ) ,  S . e l & y b i  ( F r o l o v ,  1 9 9 2 )  a n d

S . b o & a n i d a e  ( F r o l o v ,  i n  p r e s s ) .  Arm  r a t i o  i n  s u b m e t a c e n t r i c  

c h r o m o s o m e s  i n  t h e s e  s p e c i e s  i s  a n o t h e r  •  r “ 1 . 7  i n s t e a d  o f  r = 2 . 0  

i n  P a c i f i c  t a x a .

T h e r e  a r e  a l s o  s i m i l a r  s u b m e t a c e n t r i c  c h r o m o s o m e s  ( r * 1 . 7 )  i n  

s o m e  l o n g f i n  c h a r  m e t a p h a s e s  ( ' f i g i  .. 1 ,  2 )  . A s  r u l e  t h e s e  

c h r o m o s o m e s  h a v e  v i s i b l e  s a t e l l i t e s  w h i c h  a r e  a t  t h e  s h o r t  a r m s  

i n  s o m e  c a s e s  ( f i g .  2 a ,  b )  , b u t  a t  t h e  l o n g  a r m s  i n  o t h e r s  ( f i g .  

2 c ,  d ) .  M o r p h o l o g y  o f  t h e s e  c h r o m o s o m e s  i s  m e t a c e n t r i c  i n  t h e

m o s t  o f  c e l l s  o r  s u b m e t a c e n t r i c  i n  o t h e r s  d e p e n d i n g  o n  d i s p l a i n g  

o f  s a t e l l i t e s  a n d  s e c o n d a r y  c o n s t r i c t i o n s .  E v i d e n t l y  t h e s e

s u b m e t a c e n t r i c  c h r o m o s o m e s  m o r p h o l o g i c a l l y  a r e  m o r e  s i m i l a r  t o  

s u b m e t a c e n t r i c  c h r o m o s o m e s  i n  k a r y o t y p e s  o f  A r c t i c  c h a r s  t a x a .

T h e  p r e s e n c e  o r  a b s e n c e  o f  v e r y  l o n g  a c r o c e n t r i c  c h r o m o s o m e s  

i n  c h a r ' s  k a r y o t y p e s  i s  a l s o  c o n s i d e r e d  a s  g o o d  c h a r a c t e r  i n  

p h y l o g e n e t i c  r e c o n s t r u c t i o n s .  T h e r e  a r e  n o  s u c h  c h r o m o s o m e s  i n  

k a r y o t y p e s  o f  S . f o n b i n a l i s ,  S  a n d

S . l e u c o a a e n i s  w h i c h  h a v e  N F - l O O - 1 0 2  ( U e d a  a n d  O j i m a ,  1 9 8 3 a ,  b ;  

C a v e n d e r ,  1 9 8 4 ;  C a v e n d e r  a n d  K im u r a ,  1 9 8 9 )  b u t  a n o t h e r  

k a r y o l o g i c a l l y  s t u d i e d  c h a r s  w i t h  N F * 9 8  h a v e  t h e m  i n  t h e i r  

k a r y o t y p e s  ( N y g r e n  e t  a l  . , 1 9 7 1 ;  V i k t o r o v s k y ,  1 9 7 8 ;  U e d a  a n d

O j i m a ,  1 9 8 3 b ;  H a r t l e y ,  1 9 8 9 ;  F r o l o v ,  1 9 9 2 ,  i n  p r e s s ) .

S a l v e b h y a u s  s v e b o v i d o v i  h a s  N F ® 98 a s  t h e  l a t e r  c h a r s ,  b u t  h a s  n o t

l o n g  a c r o c e n t r i c  m a r k e r  c h r o m o s o m e s .  T h e  o n l y  e x p l a n a t i o n  m a y  b e  

t h a t  t h e s e  l o n g f i n  c h a r ’ s  a c r o c e n t r i c s  h a v e  t a k e n  p a r t  i n  

f o l l o w i n g  R o b e r t s o n i a n  f u s i o n .  S o m e  a r m s  i n  1 s t - 3 r d  p a i r  

m e t a c e n t r i c  c h r o m o s o m e s  i n  l o n g f i n  c h a r  k a r y o t y p e  a r e  m u c h  l o n g e r  

t h a n  t h e  l o n g e s t  a c r o c e n t r i c  ( f i g .  1 ) ,  s o  t h i s  a s s u m p t i o n  i s  

g u i t e  p r o b a b 1 e .

A m m o u n t o f  c o n s t i t u t i v e  h e t e r o c h r o m a t i n  r e v e a l e d  b y

C - b a n d i n g  m e t h o d  i n  l o n g f i n  c h a r  k a r y o t y p e  i s  v e r y  l a r g e  ( f i g .  

3 ) .  T h e  m a j o r i t y  o f  c h a r  s p e c i e s  s t u d i e d  b y  t h i s  m e t h o d  h a v e
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s n a i l  C - b a n d s  a t  c e n t r o m e r e s  o f  m a n y  c h r o m o s o m e s  a n d  v e r y  r a r e  

h a v e  l a r g e  C - b a n d s  a t  t e l o m e r e s  o f  f e w  c h r o m o s o m e s  ( U e d a  a n d  

O j i m a ,  1 9 8 3 a ,  b ;  U e d a  e t  a l ... , 1 9 9 1 ;  H a r t l e y ,  1 9 9 1 ,  F r o l o v ,  

u n p u b l i s h e d ) .  O n l y  t w o  s p e c i e s  -  h a v e  

l a r g e  c o n s p i c u o u s  C - b a n d s  a t  o n e  o r  t w o  t e l o m e r e s  i n  m a n y  

m e t a c e n t r i c  a n d  a c r o c e n t r i c  c h r p B o s o n e s  ( P h i l l i p s  a h d  Z a j i c e k ,  

1 9 8 2 ;  H a r t l e y ,  1 9 8 9 ,  1 9 9 1 ) .  T h e  n u m b e r  a n d  l e n g t h  o f  l a r g e  

C - p o s i t i v e  b a n d s  a t  S a l v e h t y m u s  c h r o m o s o m e s  a r e  

s i m i l a r  t o  t h o s e  i n  S a l v e l i n u s  a l p i n u s  a n d  S . n a m a y c u s h , b u t  t h e i r  

l e n g t h  p r o b a b l y  i s  l o n g e r  t h a n  i n  t h e s e  s p e c i e s  a n d  i s  e g u a l  t o  

2 8 .5 %  o f  t h e  l e n g t h  o f  c h r o m o s o m e  s e t .

A p p a r e n t l y  S a l v e  t h y m u s  s v e t o v i d o v i  i s  v e r y  a n c i e n t  s p e c i e s .  

S u c h  a s s u m p t i o n  i s  b a s e d  o n  k n o w l e d g e  o f  L a k e  E l g y g y t g y n  h i s t o r y  

( t h e  L a k e  w a s  f o r m e d  3 , 5 ± 0 . 5  m i l l i o n  y e a r s  a g o  * G u r o v  a n d  

G u r o v a ,  1 9 8 1 )  a n d  m o r p h o l o g i c a l  p e c u l i a r i t i e s  o f  t h e  s p e c i e s ,  

w h i c h  s u g g e s t  p h y l o g e n e t i c a l  p r o x i m i t y  o f  j u s t  t o  

a n c e s t o r  o f  S a l v e l i n u s  ( C h e r e s h n e v  a n d  S k o p e t s ,  1 9 9 0 ) .  A t  t h e  

s a m e  t i m e  l o n g f i n  c h a r  h a s  k a r y o t y p e  w i t h  t w o  d i f f e r e n t  t y p e s  o f  

c h a r a c t e r s .  S o m e  o f  t h e m  -  s u b m e t a c e n t r i c  c h r o m o s o m e s  w i t h  r * 1 . 7  

a n d  v e r y  l a r g e  a m m o u n t  o f  h e t e r o c h r o m a t i n ,  c a n  b e  c o n s i d e r e d  a s  

p r i m i t i v e .  S a 1 vethyaussvetovidovi s h a r e s  t h e m  w i t h  S a l v e l i n u s  

a l p i n u s  a n d  S . n a a a y c u s h  w h i c h  a r e  p l a c e d  n e a r  t h e  b a s i s  o f  c h a r  

p h y l o g e n e t i c  l i n e  ( V i k t o r o v s k y ,  1 9 7 8 ;  C a v e n d e r  a n d  K im u r a ,  

1 9 8 9 ) .  A n o t h e r  c h a r a c t e r s  - v e r y  l o w  n u m b e r  o f  c h r o m o s o m e s  2 n “ 5 6  

w i t h  h i g h  n u m b e r  o f  m e t a c e n t r i c  a n d  N F - 9 8 ,  m o r e  p r o b a b l y  m a y  b e  

c o n s i d e r e d  a s  d e r i v e d .

O n e  m a y  p r o p o s e  o n  t h e  b a s i s  o f  k a r y o l o g i c a l  d a t a  t h a t  

S a l v e t h y a u s  s v e t o v i d o v i  i s  a c t u a l l y  a n c i e n t  s p e c i e s  w h i c h  m u s t  b e  

p l a c e d  i n  t h e  b a s i s  o f  p h y l o g e n e t i c  l i n e  o f  c h a r  f i s h e s  ( t r i b e  

S a l v e l i n i  - C h e r e s h n e v  a n d  S k o p e t s ,  1 9 9 0 ) ,  M o r p h o l o g i c a l  a n d  

k a r y o l o g i c a l  c h a r a c t e r s  s u g g e s t  t h i s  p o i n t  o f  v i e w  a n d  a r e  i n  

g o o d  c o o r d i n a t i o n .  B u t  m o r p h o l o g i c a l  a n d  k a r y o l o g i c a l  e v o l u t i o n  

i n  l o n g f i n  c h a r  w e r e  c a r r i e d  o u t  w i t h  d i f f e r e n t  r a t e s .  E v i d e n t l y  

t h e  r a t e  o f  k a r y o t y p e  e v o l u t i o n  i n  t h i s  s p e c i e s  i n  s u c h  s m a l l  

l o c a l i t y  a s  L a k e  E l g y g y t g y n  w a s  e x t r e m e l y  h i g h  i f  c o m p a r e  w i t h  

t h o s e  i n  S a l v e l i n u s  s p e c i e s .  S o  n o w  S a l v e t h y a u s  s v e t o v i d o v i  h a s  

m u c h  m o r e  d e r i v e d  k a r y o t y p e  t h a n  a n y  s p e c i e s  o f  S a l v e l i n u s .

A c k n o w l e d g m e n t .  T h e  a u t h o r  t h a n k s  D r .  M . B . S k o p e t s  ( I n s t i t u t e  

o f  B i o l o g i c a l  P r o b l e m s  o f  t h e  N o r t h ,  M a g a d a n )  f o r  h e l p
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i n  c a t c h i n g  t h e  s p e c i m e n s ,  a n d  D r .  M. K . G l u b o k o v s k y  ( I n s t i t u t e  o f

M a r i n e  B i o l o g y ,  V l a d i v o s t o k )  f o r  c r i t i c a l l y  r e v i e w i n g  t h e

m a n u s c r  i p t .

L i t e r a t u r e  C i t e d

B e a m i s h ,  R . J . ,  a n d  R . R . M i l l e r .  1 9 7 7 .  C y t o t a x o n o m i c  s t u d y  o f  g i l a  

t r o u t ,  Seal m o gila e . J . F i s h .  B o a r d .  C a n . ,  3 4 ,  1 0 4 1 - 1 0 4 5 .

C a p a n n a ,  E . , S . C a t a u d e l l a ,  a n d  T . G e n t i l e  d e  F r o n z a . 1 9 7 3 .  S o m e

r e m a r k s  o n  t h e  k a r y o t y p e  o f  a n  i n t e r g e n e r i c  h y b r i d ,

b r u b b a  x S a l v e l i n u s  f o n b i n a l i  ( •

G e n e t i c s ,  4 4 ,  1 9 4 - 2 0 6 .

C a v e n d e r ,  T . M .  1 9 8 4 .  C y t o t a x o n o m y  o f  N o r t h  A m e r i c a n

I n  B i o l o g y  o f  t h e  A r c t i c  c h a r ,  P r o c e e d i n g s  o f  

I n b e r n a b i o n a l  S y m p o s i u m  o n  A r a b i c  c h a r ,  W i n n i p e g ,

M a y  1 9 8 1 ,  e d .  L . J o h n s t o n  a n d  B . L . B u r n s .  W i n n i p e g ,  U n i v .  

M an i  t o b a  P r e s s , 4 3 1 - 4 4 5 .

C a v e n d e r ,  T . M . , a n d  S . K i m u r a .  1 9 8 9 .  C y t o t a x o n o m y  a n d  

i n t e r r e l a t i o n s h i p s  o f  t h e  P a c i f i c  b a s i n  

E c o l . J a p a n ,  S p e c .  V o l . 1 ,  4 9 - 6 8 .

C h e r e s h n e v ,  I . A . ,  a n d  M . B . S k o p e t s .  1 9 9 0 .  S a l v e b h y m u s  s u e b o i s i d o v i  

g e n .  e t  s p .  n o v a  -  a  n e w  e n d e m i c  f i s h  o f  t h e  s u b f a m i l y  

S a l m o n i n a e  f r o m  L a k e  E l g y g y t g y n  ( C e n t r a l  C h u k o t k a ) .  V o p r o s y  

■ • , Ikhbiologii,3 0 ,  2 0 1 - 2 1 3 .  [ I n  R u s s i a n .  ]

D i s n e y ,  J . E . ,  a n d  J . E . W r i g h t ,  J r .  1 9 8 7 .  C y t o g e n e t i c  a n a l y s i s  o f  a  

S a l v e l i n u s  h y b r i d  r e v e a l s  a n  e v o l u t i o n a r y  r e l a t i o n s h i p  

b e t w e e n  t h e  p a r e n t a l  s p e c i e s .  C y b o g e n e b i c s  a n d  C e l l  

G e n e t i c s .  4 5 ,  1 9 6 - 2 0 5 .

F r o l o v ,  S . V .  1 9 8 9 .  D i f f e r e n t i a t i o n  o f  s e x  c h r o m o s o m e s  i n  t h e  

S a l m o n i d a e . 1 .  K a r y o t y p e  a n d  s e x  c h r o m o s o m e s  i n  P a r a s a l m o

m y k i s s .  T s y b o l o g i a ,  3 1 ,  1 3 9 1 - 1 3 9 4 .  £ I n  R u s s i a n . 1

F r o l o v ,  S . V .  1 9 9 2 .  K a r y o t y p e  a n d  c h r o m o s o m a l  v a r i a b i l i t y  i n  

s m a l l m o u t h  c h a r ,  S a l v e l i n u s  e l g y b i c u s ,  f r o m  L a k e  E l g y g y t g y n .  

J .  Ichbhiol. , 3 2 ,  6 1 - 6 6 .

F r o l o v ,  S . V .  C h r o m o s o m a l  v a r i a b i l i t y  i n  b o g a n i d e  c h a r ,  S a l v e l i n u s  

b o g a n i d a e ,  f r o m  L a k e  E l g y g y t g y n .  G e n e b i k a  ( i n  p r e s s ) ,  t i n  

R u s s i a n . ]
G o r s h k o v  S . A , ,  a n d  G . V . G o r s h k o v a . 1 9 8 1 .  C h r o m o s o m a l  p o l y m o r p h i s m

i n  p i n k  s a l m o n  O n c o r h y n c h u s  g o r b u s c h a . T s y b o l o g i a ,  2 3 ,  

9 5 4 - 9 6 0 .  £ I n  R u s s  i a n . ]
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G u r o v ,  E . P . ,  a n d  E . P . G u r o v a .  1 9 8 1 .  G e o l o g i c a l  s t r u c t u r e  a n d  s h o c k  

m e t a m o r p h i s m  o f  v o l c a n i c  r o c k s  i n  i m p a c t  c r a t e r  E l g y g y t g y n .  

K i e v .  I n s t .  G e o l . S c i . ,  6 0  p .  [ I n  R u s s i a n . ]

H a r t l e y ,  S . E .  1 9 8 7 .  T h e  c h r o m o s o m e s  o f  s a l m o n i d  f i s h e s .  B i o l .  

R e v . , 6 2 ,  1 9 7 - 2 1 4 .

H a r t l e y ,  S . E .  1 9 8 9 .  C h r o m o s o m e s  a n d  c o n s t i t u t i v e  h e t e r o c h r o m a t i n  

d i s t r i b u t i o n  i n  A r c t i c  c h a r ,

S a l n o n i d a e ) . G e n e t i c s ,  7 9 ,  1 6 1 - 1 6 9 .

H a r t l e y ,  S . E .  1 9 9 1 .  C,  Q,  a n d  r e s t r i c t i o n  e n z y m e  b a n d i n g  o f  t h e  

c h r o m o s o m e s  i n  b r o o k  t r o u t  f o n t  i n s  1 i s )  a n d

A r c t i c  c h a r  ( . S a l v e l  i n u s  a l p i n u s )  . 1 1 4 ,  2 5 3 - 2 6 1 .

K 1 i g e r m a n ,  A . D . , a n d  S . E . B l o o m .  1 9 7 7 .  R a p i d  c h r o m o s o m e

p r e p a r a t i o n  f r o m  s o l i d  t i s s u e s  o f  f i s h e s .  J .  F i s h .  R e s .  

B o a r d .  C a n . ,  3 4 ,  2 6 6 - 2 6 9 .

M i l l e r ,  R . R .  1 9 7 2 .  C l a s s i f i c a t i o n  o f  t h e  n a t i v e  t r o u t s  o f  A r i z o n a  

w i t h  t h e  d e s c r i p t i o n  o f  a  n e w  s p e c i e s ,  S a l n o  a p a c h e .  C o p e i a .  

3 ,  4 0 1 - 4 2 2 .

N y g r e n ,  A . ,  B . N i l s s o n ,  a n d  M .J a h n k e .  1 9 6 8 .  C y t o l o g i c a l  s t u d i e s  i n  

A t l a n t i c  s a l m o n  ( S a l n o  s a l a r ) . A n n .  A c a d .  g .  s c .

U p s a l i e n s i s .  1 2 ,  2 1 - 5 2 .

N y g r e n ,  A . ,  B . N i l s s o n ,  a n d  M .J a h n k e .  1 9 7 1 .  C y t o l o g i c a l  s t u d i e s  i n  

S a l n o  t r u t t a  a n d  S a l n o  a l p i  n u s . 6 7 ,  2 5 9 - 2 6 8 .

P h i  1 1 i p s ,  R . B . , a n d  K . D . Z a j i c e k .  1 9 8 2 .  Q b a n d  c h r o m o s o m a l  

p o l y m o r p h i s m s  i n  l a k e  t r o u t  n a n a y c u s h )  .

G e n e t i c s ,  1 0 1 ,  2 2 7 - 2 3 4 .

P h i l l i p s ,  R . B .  a n d  P . E . I h s s e n .  1 9 8 5 .  C h r o m o s o m e  b a n d i n g  i n  

s a l m o n i d  f i s h e s :  n u c l e o l a r  o r g a n i z e r  r e g i o n s  i n  S a l n o  a n d  

S a l v e l i n u s .  C a n .  J .  G e n e t .  C y t o l . 2 7 ,  4 3 3 - 4 4 0 .

S u m n e r ,  A . T .  1 9 7 2 .  A s i m p l e  t e c h n i q u e  f o r  d e m o n s t r a t i n g  

c e n t r o m e r i c  h e t e r o c h r o m a t i n .  E x p .  C e l l  R e s . ,  7 5 ,  3 0 4 - 3 0 6 .

U e d a ,  T . 1 9 8 7 .  T h e  n u c l e o l u s  o r g a n i z e r  r e g i o n s  i n  t h e  c h r o m o s o m e s  

o f  t h r e e  s p e c i e s  i n  t h e  g e n u s  S a l v e l i n u s  . B u l l .

F a c . Educ.Utsunoniya. Univ., 3 7 ,  6 7 - 7 3 ,  [ I n  J a p a n e s e . ]

U e d a ,  T . , a n d  Y . O j i m a .  1 9 8 3 a .  G e o g r a p h i c  a n d  c h r o m o s o m a l  

p o l y m o r p h i s m s  i n  t h e  i w a n a  (

J a p .  A c a d . , 5 9 B ,  2 5 9 - 2 6 2 .

U e d a ,  T . , a n d  Y . O j i m a .  1 9 8 3 b .  K a r y o t y p e s  w i t h  C - b a n d i n g  p a t t e r n s  

o f  t w o  s p e c i e s  i n  t h e  g e n u s  S a l v e l i n u s  o f  t h e  f a m i l y  

S a l n o n i d a e . P r o c .  J a p .  A c a d . : ,  5 9 B ,  3 4 3 - 3 4 6 .
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U e d a ,  T . ,  H .F u k u d a ,  a n d  J . K o b a y a s h i . 1 9 9 1 .  K a r y o l o g i c a l  s t u d y  o f

t h e  D o l  l y  V a r d e n  Snivelinusfr o m  A l a s k a .  J a p .  J .

I c h t h y o l  . ,  3 7 ,  3 5 4 - 3 5 7 .

V i k t o r o v s k y ,  R . M .  1 9 7 8 .  M e c h a n i s m s  o f  s p e c ! a t i o n  o f  t h e  c h a r s  o f  

L a k e  K r o n o t s k o y e .  M o s c o w , N a u k a .  t i n  R u s s i a n . ]
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[ T a b l e !

C h r o m o s o m e  n u m b e r s  i n  k i d n e y  c e l l s  o f  l o n g f i n  c h a r  

S a l i s e b h y a u s  s v e b o v  t d o v  iC h e r e s h n e v  e t ,  S k o p e t s

F i s h  No S e x

N u m b e r  o f c e l  1 s

T o t a l

2 n ® 5 4 2 n * 5 5 2 m = 5 6 2 n * 5 7 2 n * 5 8

1 F 2 1 7 - 1 0

2 F - 7 - 7

3 F - - 1 4 1 - 1 5

4 F 5 1 3 1 8

5 F - - 1 2 - . |  - 1 2

6 F - - 6 - 6

7 M 2 - 1 1 - - 1 3

8 M - - 9 - - 9

9 M 2 1 6 - - 1 8

1 0 M - 2 11 - - 1 3

11 M - 1 2 - - 1 2

1 2 M 1 5 1 8 - 2 4

1 3 M 2 1 3 - 1 1 6

T o t a l 5 1 7 1 4 9 1 1 1 7 3

[ F i g u r e s  c a p t i o n s ]

F i g .  1 .  M e t a p h a s e  a n d  k a r y o t y p e  o f  l o n g f i n  c h a r ,  

s v e b o v i d o v i  C h e r e s h n e v  e t  S k o p e t s  2 n * 5 6 ,  N F = 9 8 . S u b m e t a c e n t r i c

c h r o m o s o m e s  a r e  u n d e r l i n e d .  S c a l e * 1 0 / M m .

F i g .  2 .  S u b m e t a c e n t r i c  c h r o m o s o m e s  o f  d i f f e r e n t  m o r p h o l o g y  

( a r r o w s )  a n d  t h o s e  w i t h  s a t e l l i t e s  ( a r r o w h e a d s )  i n  m e t a p h a s e s  o f  

l o n g f i n  c h a r ,  S a l v e b h y a u s  s v & b o v i d q v i  C h e r e s h n e v  e t  S k o p e t s .  

S c a l e *  10yM m.

F i g .  3 .  C - b a n d e d  m e t a p h a s e s  o f  l o n g f i n  c h a r ,  

s v e b o v i d o v i  C h e r e s h n e v  e t  S k o p e t s .  S c a l e * 1 0 y  m.

i
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MexaHH3MbiflHc})4)epeHî Mai;MMnGjioBbixxpoMOcoMyjioccx:eBbixpbi5. O p 'ojiob C.B. . . 3 
CTpoeHwe ronaAbi Me,zjy3bi Gonionemus vertens vertens. A y p k w h a B. B . K a- 

p a c e b a E . M ., JI a m a in H . E ., Xy^HK H .II . . *
MnKpocKyjibnxypa paicoBHH h pocr Tpex bm̂ ob rpe6emxoB po^a Chlamys y ocTpoBa 
_ OHeK0TaHKypMjibCKHX0eTp0B0B.CMjiHHa A 3 .,n 03flH B k 0B a JI.A. . 23
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LjHToreHeTHKa
BHOJionisi MOpH, 1991, N9 5, c. 3-17 
YAK 576.316.74+597.55.2

MEXAHH3MM flH<D<I)EPEHU,HAI],HH nOJIOBbIX XPOMOCOM 
y  JIOCOCEBbIX PbIB

C.B.<DpO;iOB

JlafopamopuH iwnyxnnuoHHOii 6uojioiuu Mucmumyrna duojiozuu PJBO AH CCCP,
BjtadueocmoK 690032

B pa6oie o6o6m,eHbi ĵ iHHbie, xacaioiuHecsi npoijecca AM4)4)epeHu,Hau,HH nojiOBbix 
xppMocoM y JiococeBbix pw6. 3 tot npouecc paccMOTpeH c AByx ctopoh -  reHeTHuecxoM m 
MopiJxxnorHHecKOH AH4)4>epeHUHai^MH. IToxasaHo OTjinuHe MexaHH3MOB /uKjxJjepeHHHaHHM 
nojiOBbix xpomocom y pbi6 ot TaxoBow y apyrax no3BOHOUHbix xcuBOTHbix. OTMeueHa He3a- 
BHCMMocTb npouecca 3bojiioi;mh nojiOBbix xpomocom He TOJibxo b paanbix Hâ BĤ OBbix Tax- 
coHax jiococeBbix pbi6, ho h y pa3Hbix bh^ob.

Mechanisms o f 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 5, p. 3- 17).

flH4xJ?epeHu,Hau,H5i nojiOBbix xpomocom y noAaBjraiomero 6oAbnraH- 
ctbb xchbothhx corjiacHo Teopira, npeA ô êHHOH MiojuiepoM (Muller, 
1914), nponcxoflHT nyxeM noTepn (fryHKijHOHajibHOH aKTHBHOcra n pe- 
AyKu,HH Y- jih6o W-xpomocomh reTeporaMeraaro nojia. Bnanajie b oahoh 
H3 nap ayTocoM noBBjiBeTCH onpeAejiflioiuiuif noji reH, pa3Hbie ajuiejin ko- 
Toporo o6yaiOBjiHBaiOT pa3BHTne Myxccxoro jih6o ĉeHCKoro nojia. Pe- 
3y;ibTaTOM 3thx reHeTHuecKHx pa3JiHMHH ABjraeTCii noAaBjieHne 
KpoccHHroBepa MexcAy nojiOBHMH xpoMOCOMaMH, uto, b cbok) ouepeflb, 
cnoco6cTByeT coxpaHeHHio b nojiOBon xpoMOCOMe reTeporaMexHoro nojia 
Bpe^Hbix peu,eccHBHHx MyTan,HH. HaxoAflCb b reTepo3HroTHOM coctoh- 
HHH, 3TH MyTail,HH Cn0C06HH HaKanjIHBaTbCfl, npHBOAH K nOTepe (J)yHK- 
H,HOHaJIbHOH aKTHBHOCTH H reTepOXpOMaTHHH3an;HH naCTH 3TOH
xpoMocoMBi. 3aBepmaeT npoijecc 3jiHMHHau,Hfl reTepoxpoMaTHHGBoro 
yuacTKa Y-(W-)xpomocomh, npHBOAflmaa k noflB êHHio Mopdjojiornue- 
ckhx pa3jmuHH Mê KAy nojioBbiMH xpoMOCOMaMH reTeporaMeraoro nojia.

¿I.HtixjjepeHu.Hau.HH nojiOBwx xpomocom pbi6 ocymecTBjifleTCH He- 
CKOJibKo HHaue. CHa^ajia H30Mop4)Hbie nojiOBLie xpomocomh, Kax h y  
Apyrnx xchbothmx, pa3jrauaiOTC5i no Hajinumo b hhx pa3Hbix ajuiejien 
oahoio hjih HecKOjibKHx onpeAe^HiomHx noji reHOB* (KnpnHUHHKOB, 
1979; Gold, 1979). MopcjbojiornuecKHe ace pa3jmuHH Me*Ay nojiOBHMH 
xpoMOCOMaMH B03HHKai0T nyTeM pa3HOo6pa3Hhix xpoMocoMHbix nepe- 
CTpoeK. HHBepCHH H ACJieil,HH npHBOABT K HeSHawreJIbHHM HX MOpcJlO-
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j io r H M e c K H M  p a 3 J iH iiH 5 iM  (Ojima, 1982, 1983), a  T p aH C JiÒ K aiiiH H  n p J iO B b ix  

XpOM OCOM  H a  ayT O C O M b l -  K  o 6 p a 3 0 B a H H K )  CHCTeM  M H O /K eC T B eH H b lX  n o j i o -  

B b lX  X pO M O C O M , K O T O p b ie  y  p b l 6  O H eH b  p a 3 H O o 6 p a 3 H b I  H M H O rO H H C JieH H b l♦ 
T a x o H  M e x a H H 3 M  M o p 4 ) o ^ o m H e c K O H  3 H c i) ( } )e p e H ii1H a ii,H H  n o j iO B b ix  x p c m o -  * 

c o m  o 6 y c j iO B j iH B a e T  c y m e c T B O B a H H e  p a 3 H b ix  c h c t c m  o n p e A e j i e H H £  n o j i a  y  

n p e A C T a B H T e j ie i i  O A H o r o  ceM C M C T B a h  ^ a ^ c e  p o ^ a .  r e T e p o x p o M a T H H H s a -  

h h h  n o ^ O B b ix  x p o M o e o M  y p b i 6 ,  K aK  n p a B H j i o ,  h o  n p O H C x o A H T . O H a  o t m c -  

i i e H a  b  H a c T o a m e e  speMH j iH i i ib  y H e c K O J ib K H x  b h a o b  (Ojima, Takai, 
1979; Haat, Schmid, 1984; Gaietti, Jr., Foresti, 1986). ripa 3 t o m  reHera-
H eC K H e  pa3JIH H H 5I n p ^ O B b lX  XPOMOCOM y 6 oJIb H IH H C T B a BHAOB O C TaiO TC H ,

n o -B H fl;H M O M y , H a  y p o B H e  H e M H o r a x  o n p e A e j i s n o m H X  n o j i  r e n o B .
CeM. Salmonidae KapHOJiorHHecKH H3yneHO AOCTaTOHHo nojrao: H3- 

BeCTHbl KapHOTHnbl 56 BHAOB (70% H 3 npH3HaBaeMbIX pa3HbIMH aBTOpa- 
m h ) ,  OAHaxo AaHHbie o pHToreHeTHHecKHx MexaHHSMax onpeAejieHHH 
nojia y jiocòceBbix pbi6 a o  HeAaBHero BpeMemi oTcy TCTBOBa j i h  , h t o  npn- 
sejio k  npeAnojio^eHHK) 06 h 3 0 m o p 4 ) h o c t h  nojiOBbix xpoMoeoM y 6ojib- 
niHHCTBa b h a o b  ceMencTBa (KnpnHHHHKOB, 1979,1987; Gold, 1979). K
3T H M  B S r J IS A a M  CKJIOHHJIOCb 6oJIbIIIH H C T B O  K apH O JIO rO B , p a 6 0 T a B H I H X  C JIO - 

C O C eBblM H  p fc l6 a M H . P e S y A b T a T O M  HBHJIOCb T O , HTO Ó O JIbH IH H C TBy H C C JieA O - 

B a H H H  K ap H O T H IlO B  JIO C O C eBblX  p b l6  6 h U IH  C B O H C TB eH H bl T e  v K e  

H eA O C T a T K H , h t o  h  p a 6 o T a M  H a  A p y r w x  r p y n n a x  p b i6 :  n c c j ie A O B a H H e  x a -  

p H O T H n o B  e A H H H H H b ix  o c o 6 e i i ;  H r H o p H p o B a H H e  n o j i a  H C C J ieA y O M H x  o c o -  

6ei% ; H c n o ^ b 3 0 B a H H e  a j i h  o n n c a H H s i  K a p H Ò T H n o B  3 m 6 p h o h o b  h  

H e n o j i O B 0 3 p e j i b i x  p c o è e H ;  M a A o e  m h c j i o  k j i c t o k  ( n a c T o  2 - 5 ) ,  H C C J ie A y e -  

m h x  y  x a x c A O H  o c o 6 h ; n o B e p x H O C T H b iH  a H a j i n a  K a p H O T u n a ,  o n H c a H H e  

JXMHIb O C H O BH blX  C ID  H p H 3 H a K O B .
npH 3 T 0 M  ÓOJIbniHHCTBO HCCACAOBaTeACH o6pamaAH BHHMaHHe Ha 

pa3AHHH£ KapHÒTHnoB y ocoóen pa3Hbix nonyAHu,HH, pac, BapnaHTOB
C K p e iA H B a H H H  H M 0 3 a H D iH 3 M , HO T O ^bK O  H e  H a  p a 3 ^ H H H £  K ap H O T H IlO B  y

ocoóeii pa3Horo nojia. I I o h h t h o , h t o  oÓHapyjKeHHe reTepdxpoMoeoM npn 
t Ak o m  noAxoAe k  HCĈ eAOBaHHio kapHOTHna Kpairae npo6;ieMaTHHHO h  

B03M0XCH0 TOJIbKO B CJiynaHX pe3KHX pa3JIHHHH MOpcJìÒJIOrHH HJIH H H C Jia  

XpOMOCOM B KapHOTHnaX CaMOK H CaMIl,OB. B03M0JKH0, HMeHHO 3TO 5IBJI5I- 
eTC£ OAHOH H3 npHHHH ynÒMHHàHHH B JIHTepaTypC 60AbIH0r0 M HCJia BH
AOB pbl6 C MHO»CeCTBeHHHMH nOJIOBHMH XpOMOCOMaMH.

B CB5I3H 0 3T H M  He y A H B H T ejIb H O , HTO n e p B b i e  CO O Ò lA eH H H  O H aA H H H H  

y JIO C O C eBblX  p b l 6  reT ep O M O p cj^ H b lX  IIOJIOBblX XpOM OCOM  nO H B H A H C b , KOrAà 
K a p H O T H iiH  6 o A b iH H H C T B a  b h a o b  6 b u m  y a c e  H 3 B e c r a H  ( T h o r g a a r d ,  1 9 7 7 ,  

1 9 7 8 ) .  P e T e p o M o p c j iH b ie  n o j iO B b ie  x p o M o e p M H  6 h a h  o Ò H a p y x e H H  y  p a -  

A y ^ H O H  (J jo p e J iH  Parasalmo gairdheri h  H e p K H  Oncorhynckus nerka, Ka- 
p H O T H H b l K O T O pb lX  H C C A eA O B aA H C b RO 3 T 0 T 0  M H O ID K p aT H O . f la A b H e H H I H e

H C C jieA O B A H H st H e  TO JibK O  H O A T B ep A itA H  3 t h  A ^ H H b ip  ( U e d a ,  1 9 8 3 ;  U e d a ,  

O j i m a ,  1 9 8 4 a , b ;  I l i e A e H K O B a ,  1 9 8 6 ;  © p o j i o b , 1 9 9 0 a ) ,  h o  h  n p H B e j i H  k  

b h h b a c h h k ) T a K H x  x p o M o e o M  e n t e  y T p e x  b h a o b  -  a M e p H K a H C K o it  o s e p -  

h o h  naAHH Salvelinus namaycush, m h k h j k h  Parasalmo mykiss h  c h 6 h p -  

c k o h  p f ln y n iK H  Coregonus sardinella ( P h i l l i p s ,  I h s s e n ,  1 9 8 5 ;  Ó p o A O B ,  

1 9 8 9 ,  1 9 9 0 6 ) .
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reHeTHH^CKafl AH4>cJ)epeHL̂ Haî Hfl nojiOBbix xpOMocoM y JiococeBbix pw6

Y ôojibniHHCTBa KapHOJiorauecKH nccjieaoBaHHbix b h # o b  jiococeBbix 
pbi6 reTepoMop4>HMe nojiOBbie xpoMOCOMM h o  BbiHBjieHbi. O m c b h a h o , o t o  

MOXHO OÔbflCHHTb He TOJIbKO paCCMOTpéHHblMH IipHHHHaMH MeTO^HHe- 
CKoro xapjaKTepaj h o  h  t 6 m , h t o  nojiOBbie xpoMOCOMbi y ptiô OToro céMeH- 
CTBa HaXOÂ TCSI Ha pa3HbIX CTaAHflX AH(|)(}>epeHI3,HaiiHH H y KaKOH-TO 
HaCTH BHAOB AeHCTBHTejIbHO H30M0p4>HbI. B ÔOJIbHIHHCTBe CJiyuaeB H30- 
MopcJ)Hbie nojiOBbie xpoMOCOMbi y jiococeBbix pbiô He BbraBjisnoTCH h c no- 
MOIflbK) MeTÔ OB AĤ (J)epeHD,HaJIbHOrO OKpaniHBaHHSI XPOMOCOM, B TOM 
HHCJie h MeToaa C-oxpaumBaHHa, ocJxJieKTHBHoro gjia Bbi^BjieHHH reTe- 
poxpoMaTHHH3HpoBaHHbix Y- (W-)xpôMOCOM y apyrax j k h b o t h h x  (Abe, 
Muramoto, 1974; OpojiOB, 1981; Ueda, 1983; Ueda, Gjima, 1983, h  ap.).
ÜO-BHflHMOMy, TaKHè nOJIOBbie xpoMOCOMbi pa3 JIHÙUIOTCH no HaJIHHHK) B 
h h x  pa3Hbix ajuiejieâ o a h o t o  h j i h  HeMHornx onpeaejiaiomHx noji reHôB, 
Hx B03HHKH0BeHne He eonpoBoxmaÆOCb reTepoxpoMaTHHjï3au,HeH.

O He3HaHHTe;ibHbix reHeTHqecKHx pa3JiHUH5ix H30Mop<J)Hbix h o j i o -  

Bbix XpOMOCOM JiococeBbix pblô CBHaeTejIbCTByeT H B03M0}XHQCTb ropMO- 
HajIbHOH HHBepCHH HOJia y Bcex HCOieAOBaHHblX BHJJOB. IlpHHeM 
H3MeHeHne nojia b o 3 m o ;k h o  b  o6e c t o p o h h  -  xax reHeTHueacHx c u m o k  b  

(JieHOTHnHHecKHx caMu,OB (5 b h a o b )  , Tax h  reHeTHuecKHx caMH,0B b  4>e- 
HoranHHecKHx caMOK (7 b h a o b )  (Donaldson, Hunter, 1982; Yamazaki, 
1983). fljra HexoTopbix b h a o b  noxasaHH HopMajibHoe pasBHTHe h  njioào- 
BHTOCTb HHBepTHpOBaHHblX OCOÔeH. CxpeUJIIBaHHe HHBepTHpOBaHHblX 
ocoôeii c HopMajibHHMH aaex b o s m o x h o c t b  cyAHTb o THne reTeporaMex- 
HOCTH y H3yHaeMOFO BHAa. ripH CKpemHBaHHH HHBepTHpOBaHHblX CaMOX 
C HOpMajIbHbIMH nOTOMCTBO COCTOHT TOJIbKO H3 CaMOK HpH XX~XY CHC-
TeMe on p eaejieH M  nojia  j i h ô o  h 3  caMOK h  caM pos npH ZZ-ZW cncTêMe 
onpeAejieHHH nojia; npn CKpemHBaHHH HHBepTHpOBaHHblX caMnoB c Hop- 
MajIbHbIMH OHO COCTOHT TOJIbKO H3 CaMIJOB npH ZZ~ZW CHCTCMe O npe#e- 
jieH M  nojia h  h s  caMpoB h  caMOK npn CHcreMe onpe^ejieH M  nojia  
XX-XY. TaKHM nyTeM noK asana My^cKa^ reTeporaMexHOCTb y paayxc- 
h o h  4>opejm P.gairdneri, |  KH&yua Oncprhynchus kisutch, uaBMUH 
0.tschawytscha (Johnston ét al., 1979; Okada et al., 1979; Hunter et al., 
1982,1983).

Bojiee Toro, npn CKpemHBaHHH HHBepTHpOBaHHblX caMijOB (4>eHOTH- 
HHuecKHx X Y - c u m o k )  c  HopMajibHbiMH XY-.caMn.aMH b  noTOMCTBe noji- 
ynaiOTCH o c o ô h  Tpex reHOTHnoB: XX (HopMajibHbie c b m k h )  , XY 
(HopMajibHbie caMn,bi) h YY-caMn,H. YY-caMii,bi BnojiHe JKHSHecnocoÔHbi 
y KĤ cyna, HMeiomero, no-BH#HMOMy, H30MopcJ)Hbie nojiOBbie x p q m o c o m m  

(Hunter et al., 1982). Y paayjKHOH (JiopejiH, HMeiomen reTepoMopiJrabie 
nojiOBbie xpoMocoMH, YY-caMu,bi He^H3Hecnoeo6HH iio o ^ h h m  aaHHHM 
(Johnston et al., 1979), h o  napa^y c YY-repMa4>poaHTaMH He t o j i b k o  

^H3Hecnoco6HH, h o  h  i u i o a o b h t h  no apyniM (Chevassus et al., 1988), 
XvHSHecnocoÔHOcxb YY-caMu,OB CBinteTejibCTByeT 06 oueHb c j i u ô h x  reHe-
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TMMeÇKHX pa3/lHMHflX nOJIOBblX XpOMOCOM y KH)KyHa H paAy^HOH (J)Ope-
m ,  KOTQpHx, oAHaxo, AOCTaTOMHO jsjm AOMHHaHTHoro onpeAejieHHfl Y- 
xpoMOCOMOH My^CKoro no;ia: y paAy^HOÔ (J)opejiH b cfreHoranHHecKHX 
CBMÎ OB pa3BHBaiOTC5I ^axce TpHrUIOHAbI C XXY nOJIOBblMH xpOMOCOMaMH
(Thorgaard, Gall, 1979).^

CseAeHM o rane reTeporaMeraocra h creneim reHeranecKon m < b - 
4>epeHHnan,HH hojiobhx xpoMocoM AaeT Taxixe aHa;ra3 rHHoreHeranecKO- 
ro noTOMCTBa, pasBHBaiomerocii HCKJiiOHHTejibHO 3a cneT reHeranecxoro  
MaTepnajia mu,a. B cjiynae MyaxxoH reTeporaMCTHOCTH Bce oho coctoht 
H3 caMOK -  reHoran XX, b cjiynae »xhckoh -  H3 caMii,OB ZZ h caMOK WW 
(ecjiH OHH BbDKHBaiOT). TaxHM nyTCM noKa3ana M y^acaa reTeporaMeT- 
HOCTb y KH^yna (Refstie et al., 1982), ropôynra O.gorbuscha (MaxcHMO- 
bhh, rieTpoBa, 1990) h ^ceHCKaa y nejixw Coregonus peled (IïojraKOBa, 
1985,1987).

CooTHomeHne nojiOB b nepBOM raHoreHeranecKOM noKOJieHHH ne;ra- 
Ah -  3 caMKH:l caMD,y. 3 to OTBepraeT npeAnojioxeHH o cncTeMe onpeAe- 
jieHHii nojia ZZ-ZW, Tax xax b stom cjiynae aojhkho pa3BHBaTbC5i pâBHoe 
KOJinnecTBo caMOK h caMii,OB (WW-caMOK H3 raMeT W h ZZ-caMii,oB H3 ra- 
MeT Z). CncTeMa onpeAejieHna nojia y nejisiAH AOJixma BKjnonaTb MHo^e- 
CTBeHHbie nojiOBbie xpOMOCOMH ZZZZ—ZZWW (üojiflKOBa, 1985). 
OAHaKO nojiyneHne OT caMOK ZZWW b nepBOM raHoreHeranecKOM noKO- 
jieHHH cooTHonieHHH 3 caMKH: 1 caMijy Tpeôyer AonymeHHH, ^to Z- h W- 
xpoMOCOMH nejiflAH HCXOAHO roMOAoranHH, pa3jranaiOTC5i tojibko no 
onpeAejiaiomHM noji reHaM h aojdkhh KonbiornpoBaTb b Meno3e c oôpa- 
30BaHneM TeTpaBaneHTa. H3 oôpa3yiomHxc5i b stom cjiynae raMeT ZZ, 
ZW, ZW h WW h bo3mo»cho noAyneHne b noTOMCTBe cooraomeHM 3 
caMKH: 1 caMuy (caMeii, ZZZZ, 2 caMKH ZZWW h acH3HecnocoÔHa5i caMxa 
WWWW). B 3T0M cjiy^ae oömchhmh h pe3y;ibTaTbi, nojiynemibie bo 
BTOpOM rHHoreHeTHnecKOM noxojieHHH, — Hajinnne b noTOMCTBe oahhx 
rHHoreHeranecKHx caMOK tojibko caMOK, a b noTOMCTBe APyrnx -  h ca
MOK, h caMii,OB (IIojiflKOBa, 1987). Ohcbhaho, hto b nepBOM oiynae no- 
TOMCTBO nojiyneHO ot WWWW-caMOK, a bo btopom — ot HOpMajibHOË 
ZZWW (cooTHomeHHe nojioB b noTOMCTBe aojckho 6bm> 3 caMKH: 1 caM- 
n;y, xax h b nepBOM nraoreHeranecKOM noKOJieHHH). Taxoe oÓMCHemie 
pe3ŷ bTaTOB axcnepHMeHTOB npeAnojiaraeT Haannne y nejiHAH nojiHMOp- 
(J)H3Ma no nojiOBHM xpoMocoMaM, nocxojibKy b HopMe cxpeiAHBaHH« eaM- 
KH ZZWW c caMijoM ZZZZ aoa ĉho nprnecra k noaBjieHHio b noTOMCTBe 
caMii,OB ZZZW (h3 raMeT ZW h ZZ) , a hx CKpemHBaHHe c caMKaMH 
ZZWW -  k noaBjieHHK) caMOK ZWWW. Ha ochobc oneHb cjiaôon reHera- 
necKOH AH(J)4)epeHnlHan,HH hojiobhx xpomocom y jiococeBHx pbiô cymecr- 
BOBaHHe TaKOIX) nOJIHMOp(|)H3Ma nOJIOBHX XPOMOCOM (caMKH ZZWW H 
ZWWW, caMu,bi ZZZZ h ZZZW) npeACTaBjiaeTCsi Bnorae bo3MO»chhm, 
TeM ôojiee hto CBoOoAHoe CKpem,HB3HHe ocoôeii c t3khmh reHOTHnaMH b 
cyMMe Â eT cooraomeHHe nojiOB b noTOMCTBe 1:1. Hanôojiee nacra 
BCTpenaiOBAHMHCH npH Taxon CHCTeMe onpeACJieHHH noAa aojî khh 6htb 
reHoranbi ZZWW (caMKH) h ZZZW (caMijbi).
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reTepOXpOMaTHHH3aÛ,H5I nOJIOBblX XpOMOCOM HBJiaeTCH Bâ CHblM 
STanoM h x  AH(J)(|)epeHu,Haii,HH y  k̂ h b o t h m x  m h o i t ï x  TaxcoHOB. IïpaxTHue- 
c k h  b o  Bcex cjiyuaax reTepoxpoMaTHHH3au,HH h  noaie^yiomeMy yMeHb- 
ineHHio pa3MepoB noABepraiOTca Y- j i h 6 o  W-xpoMocoMbi. y  ôojibiHHHCTBa 
BHAOB pbl6 Kax C H30M0p(J)HbIMH, TBK H C reTepOMOp̂ HblMH HOJIOBblMH 
xpoMGcoMaMH reTepoxpoMafHHH3au,HH nojiOBbix xpoMOCOM He npoHcxo- 
Ah t * B HacToam.ee BpeMa OHa noxa3aHa t o j i b k o  y cepeôpaHoro xapaca 
Carassius auratus (Ojima, Tâkai, 1979) h  uerapex b h a o b  poAa Leporinus 
(Gaietti, Jr., Foresti, 1986).

Y jiococeBHx pbi6 reTepoxpoMaTHHH3au;HH nojiOBbix xpoMOCOM Tax- 
^e He npoHCxoAHT (Abe, Muramoto, 1974; Thorgaard, 1977; 1978; 
Ueda, Ojima, 1984a, b; Phillips, Ihssen, 1985; IIIejieHKOBa, 1986, 
1987a; 4>po;ioB, 1989, 1990a, 6). McxjnoueHHeM aBjiaeTca aaBbiaa 
O.tsçhawytscha, y KOTopoô HaôjnoAaeTca no;iHMop<t>H3M b Q^oxpaniHBa- 
HHH HecKOjibKHx nap axpoAeHTpHHecKHx xpôMocoM (Phillips et al., 
1985). Xota paôoTa BbinojiHeHa Ha SMÔpHOHajibHOM MaTepnajie, aHajnm
OKpaïQHBaHHH OAHQH H3 nap 3 T H X  XpOMOCOM B  nOTOMCTBe Tpex CKpeilJH- 
Ba H H H  noKa3HBaeT, h t o  pa3jmuHa b  OKpamHBaHHH HocaT HacjieACTBeH- 
h h h  xapaKTep. Kpowe xoro, o a h h  h 3  t h ï i o b  oxpaniHBaHHa BCTpeuaexca 
npn6̂ H3HTe;ibHO y nojioBHHbi SMÔpHOHOB h  He OTMeneH b  reTepo3HroT- 
h o m  cocToaHHH. 3 t o  no3BOJiaeT AOcraTOHHO yBepeHHo npeAno^araTb 
CBa3b HaôjnoAaeMoro no;iHMop4)H3Ma b  OKpamHBaHHH o a h o h  h b  nap xpo- 
m o c o m  c nojioBbiM ahmqp4>h3mom npH CHcreMe onpeAejieHHa nojia XX- 
XY. B 3 t o m  cjiyuae Mop<J)OJiorHHecKH HAeHTHUHbie X- h  Y - x p o m o c o m h  

pa3JiHHaiOTca t o j i b k o  no BejmuHHe reTepoxpoMaTHHOBbix ô j i o k o b , b h s î b -  

jiaeMbix AaHHbiM MeTOAOM OKpamHBaHHa, npHaeM Y-xpoMOCOMa HMeeT 
OKpamHBaeMbiH yuacrox ôojibnrax pa3MepoB. IIoAOÔHbie pa3JiHHHa Mor- 
j i h  B03HHKHyTb, no- BĤ HMOMy, TOJibKO o a h h m  nyreM -  3a cueT reTepox- 
pOMaTHHH3au,HH AOHOJiHHTejibHoro yuacTxa Y-xpOMOCOMH. 3 t h  

pe3yjibTaTbi naxoAtfrca b  c o o t b c t c t b h h  c  HMetonpiMHca AaHHHMH o reTe- 
poraMeTHOCTH caMijOB uaBbrai, nojiyaeHHWMH 9  axcnepHMeHTax no h h -  

BepcHH no;ia y 3Toro bhab (Hunter et al., 1983). OxoHuaTejibHbiM 
noATBepacAeHHeM cymecTBOBaHiia y uaBbiun Taxon CHcreMH nojiOBbix 
xpoMOCOM h  MexaHH3Ma Hx reHeTHaecKOH AH(J)(i)epeHAHaAHH sB H jin c b  6 h  

HAeHTHHHbie pe3y îbTaTH, nojiyueHHbie npn HCCJieAOBaHHH xapnoTHnoB 
OCOÔeH C H 3BeC THbIM  nOJIOM.

MopÿojiorHHecxaa AHÿÿepeHi^HaitHa nojiOBbix 
xpoMOCOM y jiococeBbix pbi6

Po  a. Salvelinus. B Hacrpamee BpeMa H3BecTHw xapnoranbi 8  b h a o b  

poAa, 5 H3 HHx HccjieAOBaHH c npHMeHeHHeM m c t o a o b  AH(}xj)epèHn,Hajib- 
Horo oxpaniHBaHHa. reTepoMopcfmbie nojiOBbie xpoMOcoMbi BHHBjieHH 
Tojibxo y aMepHxaHCKOH 03epH0H najiHH S.namaycush (Phillips, Ihssen, 
1985). KapHOTHn atoro b h a b  nccjieAOBajiH a o  3Toro HeoAHOxpatiïo 
(Wright, 1955; Wahl, i960; Davisson et al., 1973). O a h 3 k o  paajiHUHa xa- 
pnoTHnoB caMox h  caMijOB He 6 h j i h  oÔHapy ênbt, Aa^e nOAaepxHBajiocb 
h x  OTcyTCTBHe. B t o  «e BpeMa Ha <J)OTorpa(JmHx MeTà(j>a3 HHx njiacTHHOx
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b HCKOTopbix paóoTax (Kligerman, Bloom, 1977) Ha6jiiOAaiOTC5i hbhmc
paSJlHTOH B MOp4)OJIOrHII MeTapeHTpHHeCKHX xpOMOCOM OAHOH H3 nap . 
3 th paSJIHHHH OTMeHajIH HCKOTOpHe HCCJie^OBaTe® (Bhktopobckhh, 
1978), OAHaxo npHHHHa hx u e  6buia acHa H3-3a KpaHHeii orpaHHueHHo- 
cth HMeBmeroca MaTepnajia. flocroBepHOCTb othx paBJiHUHH 6bma A oxa- 
saHa TOJibKO e nepexoAOM uccjieAOBaHHH Ha KauecTBeHHO hobmh 
MeTOAHHeCKHH ypOBCHb p a 6 o r a , B HaCTHOCTH, C HaHajIQM HCnOJIb3QBaHH5I 
MeTO^a KyjibTHBHpoBaHHa TKaHeii, o6ecneHHBaioiu1ero Taxoe kojihhcctbo 
npnroflHbix R jm  HCCJieAOBaHHsi M eTa$a3, kOTopoe no3BOjraeT npoBOAHTb 
AH(})cJ)epeHij,HpoBaHHoe HsyMèiiHe KapnoranoB cakOK h  caM pos. IIpHMe- 
HeHHe npn  otom MeTo^a Q - OKpanimaHHa, BbraBjraiomero reTepoxpoM a- 
THHOBbie paiiOHbl XpOMOCOM, H03B0JIHJI0 BblSICHHTb npHpOAy 
Ha6jiiOAaeMoro reTepoMop4>H3Ma.

KapHOTHn aMepHKaHCKOH oaepHOH najiHH coctoht h3 84 xpomocom, 
npHHOM TOJibKO 16 H3 HHX ABynjICHHC. IIOJIOBblMH 5IBJI5HOTC5I XpOMOCOMbI 
BTopoii nap b i ABynjieHHx xpomocom, H30 Mop(j)Hbie y  caMOK (M eTa- c y 6 M e- 
TapeHTpHnecKHe) h  reTepoM op4>Hbie y  caM poB (M eTa- cyÓMCTapeHTpHHe- 
cx a si h cyéM eTai^eHTpHHecKafl), T .e. en cteM a  on p eA ejieH M  n o jia  XX-XY. 
M apK epoM  X-xpOMOCOMbi siBjraeTCfl apK o CBeTfliu,HHca 6jiok r eT e p o x p o -  
MaTHHa b TejioMepHOM paìioH e e e  6 o jiee  kopotkoto ru ien a . Y -x p o M o 6óM à 
He HMecT CBeTHmeroca 6 jiOKa, e e  KopoTKoe iu ie u o  M eHbme kopotkoto 
n jie u a  X-xpoMOCOMbi Ha BejiiiuHHy stoto 6 jiOKa. TaKHM o 6 p a 30M, mop4>o- 
JIOTHHeCKHe p a 3JIHHHH X- H Y -  XPOMOCOM He3HaHHTCJIbHbI H H a^e^HO BH -
HBjiaioTCH jraiiib npn  Hcnojib30BaHHH Q-MeTO^a AncJxtepeHpHajibHoro
OKpamHBaHHH XPOMOCOM.

reTepoMop4>H3M 6jiokob reTepoxpoMaTHHa b oahoh h3 nap AByiuie- 
HHX XpOMOCOM OTMCHOH y TJByX BHAOB TOJIblJOB, 6jIH3KHX K aMepHKUHCKOH 
osepHOH najiHH, -  aMepHKaHCKOH pyubeBOH najiHH S.fontinalis h apKTH- 
necKoro rojibpa S.alpinus (Phillips, Zajicek» 1982; Phillips, Ihssen, 
1985). npHHeM y aMepHKaHCKOH pyubeBoii najiHH 3Ta napa xpoMocoM 
TaKJKe BTopasi no pa3MepaM cpeAH ABynAeunx xpomocom. npnpoAa reTe- 
poMop4)H3Ma 6jiokob TeTepoxpoMaTHHa y sthx bhaob, oAHaxo, He acHa.

ABTOpbl TpaKTyiOT MOpĈ OJIOrHHeCKHe pa3JIHMH5I nOAOBbIX xpomocom 
aMepjHKaHCKOH 03epH0H najmn Kax HauajibHbra 3Tan AH(J)ct)epeHpHaii,HH 

^ioaobhx xpomocom, ocymecTBjraiomeHCsi nyxeM Ao6aBjieHna réTepoxpo- 
MaTHHOBoro MaTepnajia k X-xpoMOCOMe. CjieAyeT, OAHaxo, otmcthtb, 
hto xapaKTepHOH qepTOii AH(t>iepeHn,Hau,HH nojiOBHx xpomocom y Bcex 
AHnAOHAHbix 6HceKcyajibHbix opraHH3MOB sBjraeTCsr ee ocymecTBjieHHe b 
peayjibTaTe H3MeHeHHH HenapHOii Y- hjih W-xpoMOCOMH (Bull, 1978) . 
HcKjnoneHHH H3 3T0T0 npaBHjia -  AH4)ĉ epeHn,HapH5i noaoBwx xpomocom 
nyTeM HSMeHeHHfl X-xpoMOCOMbi, upe3BHHaHHO peAKH H HàACJKHO AOKa- 
3aHH TOAbKÒ y AByx BHAOB uepenax (Bull et al., 1974; Sites et al., 1979) 
H OAHoro BHAa pbi6 (Ojima, Takai, 1979). Bo^ee Bepoarao 6yAeT, no-BH- 
AHMOMy, npeAnoAo^HTb, hto Mop(J)OAorHqecKaa AHc[)4)epeHii,Haii,HA no- 
AOBbix xpomocom y aMepHKaHCKOH 03 epHOH naAHH ocymecTBHjiacb nyTeM 
AeAepHH TeAOMepHoro reTepoxpoMaTHHOBoro yuacTKa Y-xpomocomh. 
3 to npeAnoAOxceHHe BnoAHe Bepoarao, nocxoAbKy AeAepna reTepoxpo-
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MaTHHOBoro ynacTxa, He CBJiaaHHaA c noTepeit aKTHBHoro reHeTnnecxoro MaTepnajia, He bjimhct 3aMeTHo Ha ;xH3hecnoco6HocTb oco6eii. Ero Bepo- HTHOCTb eme 6ojiee B03pacTaeT e yneTOM CBeAemiH o xapnoTHnax APyrnx BHAOB rOAblJOB, HCCJieAOBaHHblX C nOMOmbK) Q-OXpaiHHBaHHH, y OflHOrOns h h x  - MajibMbi S.malma, napa ABynAenHx xpomocom , cxoAHan no pa3-
najiHH, xax^ce HMeeT CBejsm^Hecsi 6ao kh  reTepoxpoMaTHHa b TejiOMep- 
hom  paiioHe OAHoro m3 mien. 3 th  xpoMOCOMbi, OAHaxo, H30Mop(j)Hbi y 
o6ohx ijojiob (Abe, Muramoto, 1974).P o a Pcirasalmo. Oh obbeAHraeT 9 bhaob, A»a H3 kotopmx % mhxh- 
x a  P.mykiss h xaMHaTCxaH ceMra P.penshinensis, obuTaiOT Ha TeppHTO- PHH CCCP. KapHOTHIibl 6 BHAOB OHCHb CXOAHbl MCTKJjy C060H H COAep̂ aT
56-60 xpomocom  npH NF=104-106.' CxoAHa n CTpyxTypa h x  xapnoTHnoB.OAHaxo XapHOTHHH AHHIb TpeX BHAOB pOAB ¡ f paAŷ KHOH c{)OpeAH
P.gairdnerU jiococh K jiapxa Pxlarki h mhkhxh, H3yneHbi AOCTaTOHHO 
hoapo6ho. GBeAeHHa o xapHOTHnaX oCTaAbHbix bhaob otphbohhh h co- 
Aep^aT AHmb AHHHbie o HHCJiax xpomocom h xpoMoeoMHbix njien.

PaAy^Haa 4>opeAb ^BHjiacb nepBHM cpeAH jiococeBbix pbi6 bhaom, y 
KOTOpOrO 6bIAH OHHCaHbl TeTepOMOp^Hbie nOAOBHe XpOMOCOMbI(Thorgaard, 1977). H m h  oxa3ajiacb eAHHCTBeHHasi b Kapnorane napaCy6TeAOII,eHTpHHeCKHX XPOMOCOM, KOpOTKHe nAeHH KOTOpbIX H30M0p(f)HbI y caMOK h reTepoMop(J)Hbi y eaMD,OB (cncTeMa onpeAOJieHHii nojia XX- XY). IIoATBepKAOHHeM hmchho Taxon TpaxTOBKH reTepoMop(J)H3Ma cy6-TeAOU,eHTpHHeCKHX XPOMOCOM SJBHJIOCb OnHCaHHe T3KHX ̂ e pa3AHHHH y caMOK H CaMU,OB ̂ HHHH paAŷ KHOH (})OpeAH, pa3BOAHMbIX B 5InOHHH
(Ueda, Ojima, 1984b). OneHb HesHaHHTeAbHbie Mdp4)OAorHHeeKHe paa- 
ahhhh  X - h Y -xpomocom , HaAHHHe b nonyAsmHiix 3HannTeAbHoro HHCJia 
caMî oB c i i3OMOp0 HbiMH cybTeAbpeHTpHHecKHMH xpoMocoMaMH (b cpeA- 
HeM 17% -  Thorgaard, 1983) HBHjiocb, Bepoarao, oahoh h3 npHHHH To
ro, hto nojiOBbie xpoMocoMH y paAy^HOH 4>opeAH 6h a h  o6Hapy^eHbi 
6oAee hom nepe3 20 act nocAe nepBoonncaHHH ee xapnoTHna 
(Bundenberg de Jong, 1955)}KapHOTHnbI MHKHXH H KaMHaTCKOH COMTH npaXTHHCCKH HAOHTHHHblKapHOTHny paAŷ HOH 4)opeAH. 06a bhaa Tax̂xe hmciot b xapnoranax oAHy napy cy6TeAon,eHTpHHecxHx xpomocom, reTepoMopcJ)HHx y caMn,OB. KapHOTHn MHKH2KH HCCAeAOBaH AOCTaTOHHO HOAPOdHO, nOOTOMy M02KHQ CAeAaTb BbIBOA o TOM, HTO Cy6TeAOdeHTpHHeCXHO xpoMOCOMbi OTOrO BHAa HBAHIOTCH nOAOBHMH (OpOAOB, 1989). B OTHOHieHHH cy6TeAou,eHTpHHe- CKHX XpOMOCOM KaMHatCKOH CCMTH 3T0 MO>KHO TOAbKO C OnpeACACHHOH GTeneHbK) yBepeHHOCTH npeAnOAÔ xHTb: ee _ xapnoran HCCAeAOBaH Ha oneHb orpaHHneHHOM MaTepnaAe, a OTMeneHHOMy reTepoMop4>H3My as- Topbi AniOT Apyryio TpaxTOBxy (PopinxoBa, FopnixoB, 1985), Tax̂ xe or- paHHneHbi abhhhc o xpoMocoMHbix Habopax aMepHxaHCKHx bhaob poAa, HMeiomHx Taxon xe, xax h y paAŷ HOH (̂opeAH, xapnoran: P.gilae, 
P.aguabonita, redband trout (Miller, 1972; Gold, Gall, 1975; Beamish, Miller, 1977; Gold, 1977).
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M e x a H H B M  M o p 4 ) o ; io r a q e c K O H  A H (|x } )e p e H ii,H a ii ,H H  n o j iO B b ix  x p o M O -  

COM p a ^ y ^ H O H  4 > o p e j iH  H m h k h ^ h  c x o a c h  (Thorgaard, 1977; O p o j i o B ,  

1989). E r o  m o x c h o  n p e ^ n o j io ^ K H T b , h c x o a h  h b  M o p c ^ o j io r H H e c K H x  p a 3 j m -  

t iH ì i  X - h  Y - x p o M o c o M .  O h h  B 03H H K JIH , B e p o i i T H e e  B e e r ò ,  b  p e 3 y j i b T a T e  

A C JieH H H  ^ a C T H  K O pO TK O rO  I U i e ^ a  Y “XpO M O CO M bI, H ^ eH T H M H O H  AO 3T 0IK ) c  

X -X P O M O C O M O H  ( p H C . l ) .  IIpO TH B O nO JIO ^K H blH  M e x a H H 3 M  B O SH H K H O BC H H H  
x a x H x  p a s j iH M H H  A y iu iH K a ij H f l  T e ^ O M e p H o r o  p a n o H a  x o p o x x o r o  m i e n a  

X - x p o M o c o M b i ,  H e  n o A T B e p x c A a e T c a  A aH H b iM H  G -O K p a iH H B a H H H  n o j iO B b ix  
XpOM OCOM  3T H X  B H ^O B : H  X-, H Y -X pO M O C O M bI y  H H X  H M eiO T  JIH H Ib H e 3 H a -

H H T e j ib H H e  r e T e p o x p o M a T E T H O B b ie  6 j i o k h  b  n p n i i i e H T p o M e p H b ix  p a n o n a x .  

B o 3 H H K in H e  M o p 4 )O J io r a H e c K H e  pasjim nsi X -  h  Y - x p o m o c q m  H e 3 H a n n -
T eJ Ib H b l H  A O C T O BepH O  BbI5IBJI5nOTC5I JIH U Ib n p H  H C C JieA O BaH H H  6 o j i b m o r o  

H H C Jia o c o 6 e i i  h  6 o j n > m o r o  n n c j i a  k j i c t o k  y  x a ;x A O H  h x  h h x . T p y A H O c r a  b

B H H B J ieH H H  reT ep O M O p < j)H 3 M a  nO JIO BbIX  XPOMOCOM O Ö yC JIO B JieH bl H  H a jI H -  

H H eM  y  p a A y ^ H O H  (J)O p ejIH  CaM IJOB C H 3 0 M 0 p c[)H b IM H  nO JIO BbIM H  X PO M O C O -

MaMH, a y m hkh^ h -  MosaHdHBMa ¿10 AJiHHe KopoTKoro iuiena  
Y-XPOMOCOMH.

Q m  M vii Vi Phc. 1. Mop^ojiomqecKafl ^h$ -  
<})epeHUMaî ifl nojiOBbix xpoMocoM mm-v  m YA YAX X X X khjkh Parasalmo mykiss. .

oil-- IT - I I X -  X-xpoMocoMa, Y- Y-xp0M0C0Ma

x y x y x y

3 H a ™ T e ; i b H o e  c x o a c t b o  x a p H o r a n o B  h  n p o f l B j i e H M  M o p ^ o ^ o r a n e -  

CKOH A H 4>4>O peH Ii;H aU ,H H  nO JIO BbIX  XpOM OCOM  M HXH2KH H  p aA y^ K H O H  (J )O p e -  

j i n  n o 3 B O jiH K )T  C A C /taT b  n p e A n o j i o x c e H H e  h  o  c r e n e H H  r e H e T H n e c x o n  

A H 4 )4 )ep eH U ,H a U ,H H  nO JIO BbIX  XpOM OCOM  y  M H XH vK H . I I o -B H A H M O M y , O H a  

C T O jib  me H e 3 H a H H T e j ib H a , x a x  h  y  p a^ y^ K H O H  ( J j o p e j m .  H  x o t h  a x c n e p n -  

m c h t o b  n o  r o p M O H a jib H O H  H H B e p c H H  n o n a  y  m h x h k̂ h  H e  n p o B O A u r a ,  h x  

p e 3 y j i b T a T  H a  o c H O B a m m  n p e A C T a B j ie H H H x  jiannux  H e T p y A H o  n p e A C x a -  3aTb.
P o a  Oncorhynchus. KapHOranbi Bcex 6 b h a o b  poAa b  Hacroamee 

BpeMH HBBecTHH (Simon, 1963; Muramoto et al., 1974; ropmxoBa, 1978, 
H AP*) h HccjieAOBaHw c Hcnojib30BaHHeM MeTOAOB AH(jxt>epeHi]lHajibHoro 
OKpaiHHBaHHH xpoMocoM (Ueda, 1983; Ueda et al., 1985; Phillips et al., 
1985* 1986; Phillips, Kapuscinski, 1987). OAHaxo y 6ojibiHHHCTBa b h a o b

H e  B b lH B J ie H b l p a3JIH H H H  HH B M 0 p (} )0 ; l0 r H H , HH B O K p a iH H B a eM O C T H  X p O -  

MOCOM C aM O K  H C aM IJO B. M c n 0 J I b 3 0 B a H H b I H  B Ö O JIblU H H C T B e paÖOT 3 M Ö p H 0 -  

H a jib H b iH  M a T e p n a j i  H e  A a e r  b o 3 m o ;k h o c t h  0 A H 0 3 H a n H 0  T p a x T O B a T b  

x a x n e - j i H Ö o  p a 3 j iH H H H  A a a c e  n p n  H a jiH H H H  n o j iH M o p ( |)H 3 M a .

Hanßojiee h o a p o 6 h o  HccjieAOBaHHWM b h a o m  ABjiaeTCH Hepxa 
O.nerka. OHa H3yneHa xapHonoranecxH H3 paanbix nonyjran,HH A 3 h h  h  

AMepHKH. Kax h  b  cjiynae c paAy^Hoä <j)opejibio, xapnoTHn Hepxn h c -  

cjieAOBajicü b  TeneHne AJiHTejibHoro BpeMeHH, npe^Aé neM pa3jiHHH5i xa-
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pHOTHnOB CaMOK H CaMIJOB 3T0IX) BHfla ÖbUIH BHHBJieHbl B aMCpHKaHCKHX
nonyjiHu,H5ix (Thorgaärd, 1978), xoth ohh h npoaBjmioTCsi b pa3jmuH5ix 
mhccji xpomocom: y caivmoB 2n=57, NF-104, y caMox 2n=58, NF=104. 
OcHOBHa« npnuHHa SToro xpoeTCii, oucbhaho, b tom, mto bo Bcex 6ojiee 
paHHHx paöoTax (h b pa^e 6o;iee no3AHHx) Hcno;ib30BajiCii npeHMymecT- 
B6HHO 3M6pHOHajIbHbIH MaTepHajI, a B3pOCJIbie OCo6h JIHÖO MOJIOAb C AH(})-
4)epeHn,HpoBaHHbiMH roHa âMH jranib cahhhmho (Simon, 1963; Sasaki et 
al., 1968; ^epHeHxo, 1971, 1980; Fukuoka, 1972; ropmxoBa, 1978, 
1980, h AP-). KpoMe Toro, b HexoTopbix nonyjiim,H5ix OTAejibHbie caMn,bi 
HepxH, xax oxa3ajiocb, hmciot cxoahhh c caMxaMH xapnoran 2n=58, 
NF=104 (Fukuoka, 1972; UlejieHxoBa, 1986). HccjieflOBaHira noaieAHHx 
JieT nojiHOCTbio noATBepAHjm cymecTBOBaHHe pa3;rauHH xapnoTHnoB ca- 
Mox h caMii,oB Hepxu: HACHTHUHbie AäHHbte 6bijiH nojiyMeHbi npn hccjicao- 
BaHHH xapHOTHna Hepxn h3 p^Aa a3naTCXHx nonyjraijHH (Ueda, 1983; 
Ueda, Ojima, 1984a; IIIe;ieHxoBa, 1986, 1987a,6; OpojioB, 1990a). Ffo-
BHAHMOMy, T a x u e  pa3JIHUHH XapHOTHIIOB CaMOX H CaMU,OB CBOHCTBeHHH
Hepxe no BceMy ee apeajiy.

9 th pa3JIHUH5I COCTOflT B TOM, HTO B XSpHOTHne CaMIJOB HMeeTCH 47 
MeTa- h cyÖMeTaneHTpHuecxHx h 10 axponeHTpnuecxHx xpomocom, a b 
xapnorane caMox 46 MeTa- h cy6MeTau,eHTpHuecxHx h 12 axpou,eHTpn- 
uecxHx xpomocom. MexaHH3M hx B03HHXH0BeHHH 6bui paccMOTpen npH 
nepBOM onHcaHHH (Thorgaard, 1978). 9 to -  Y-ayTOCOMHaa TpaHCjioxa- 
u,H5i. Hcxoah H3 crpykTypbi xapHorana HepxH, mô ho npeAnojio ĉHTb, 
HTO Y-xpoMocoMa h ayTocoMa, yuacTBOBaBnme b otoh TpaHCJioxaipiH, 
6hjih axpoî eHTpHuecxHMH (Tax ;xe, xax h X-xpoMocoMa), T.e. 3Ta 
TpaHcaoxaHHH othochtch x poöepTCOHOBCXHM, Han6ojiee pacnpocrpa- 
HeHHblM B 3B0JIK)IJ,HH XapHOTHnOB JIOCOCCBblX pbl6 (pHC. 2). B A3HHOM 
c/iyuae 3Ta TpaHCJioxau,H5i ocymecTBHjiacb, no-BHAHMOMy, 6e3 noTepn 
ynacTxoB yuacTBOBaBumx b Heil xpomocom, nocxojibxy hh b oahoh H3 ax- 
pou,eHTpHuecxHx xpomocom xapHOTHna HepxH BTopbie xopoTxiie n;ieuH 
He Ha6jnoAaioTCH. Bojiee toid, b o6pa30BaBineftc5i tbxhm o6pa30M MeTa- 
ijeHTpHuecxoii Y-xpoMocoMe coxpa'Heiu*, cxopee Bcero, o6e u,eHTpoMepH 
HCxoAHbix Y-xpomocomh h ayTocoMH. B nojib3y 3Toro rpBopHT pesyjibTä- 
Tbi C-oxpauiHBaHHH: Y-xpoMocoMa HMeeT b A»a pa3a Oojimhhh 6jiox ox- 
pamHBaiomerocH reTepoxpoMaTHHa b npHu,eHTpoMepHOM paftoHe, ueM 
jiio6asi H3 axponeHTpnuecxHx xpomocom (UlejieHxoBa, 1987a; OpojiOB 
1090a), b HexoTopHx cjiyuaax 3tot 6jiox reTepoxpoMaTHHa bhivijiaht 
Abohhhm (IIIeAeHxöBa, 19876).

l a o n
X X A A 

0
A
□
1

... Y 1 $

B I D S
Xy Y A A_

/  a
Pmc. 2. 06pa30BaHne CHCTe- 

Mbl MHO>KeCTBeHHbIX nOJIOBbIX xpo-
mocom HepKH Oncorhynchus nerka.

n
X -  X-xpoMocoMa, Y-  Y-xpomoco- 
Ma, A - ayTocoMa

i b q dxt x4 xz xz 180 p  y Xz
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Hto xacaexca cxeneHH reHexHaecxoii ancJ)4)epeHii,Haii;HH hojiobhx
XpOMOCOM HepKM, TO OHS, flO-BH/ÏHMOMy, MHHHMSJIbHa H COCTOHT JlHIUb B
HajiH'iHH b hhx pasHwx ajuiejieii onpeaejiHiomero non reHá. B ffnnnM 
oiŷ ae Y-ayxocoMHáa xpaHçjioxan,Ha, oôycjiOBHBHiaa Mop(j)ojiorHaecxyK) 
AH(̂ cJ)epeHu,HaaHio X- h Y-xpomocom, He conpoBoamajiacb cxojibxo-hh- 
oy%b 3aMeTHOH noTepeii reHexnaecxoro Maxepnajia Y-xpoMocoMbi h ayTOcoMbi.

P o a Coregonus. Xoxa xapHoxHnw mhoxhx bhjjob curoBbix pbi6 (a 
ooHxaioiipix aa TeppHTopHii CCCP npaxxHaecxH Bcex) M3BecxHbi, b Ha- 
CTOimjee BpeMa rexepoMop<J)Hbie nojioBbie xpoMocoMbi BbiaBjieHbi /tojibko 
y oflHoro H3 hhx—  cHÓHpcKoñ pnayinKH. C*èàrdinella :(®pojiOB, 199Ö6); 
riOMHMO CyÔbeKTHBHHX npHHHH, O0ÜÍHX XapHOjlOrHHéCXHX HCCJiejjO- 
BaHHH jiococeBbix pbi6 Bcex rpynn, 3Aecb HMeioxca h cepbe3Hbie xpyjjHo- 
CTH oobexTHBHoro xapaxTepa, CBHBaHHHe eo cxpyxxypon xapnoxHna
CHTOBblX. IIOAHB̂ qiOHi;ee ÓOJIblIIHHCTBO BHßOB HMeex KapHOTHn, COCXOH- 
Ĥ HH H3 80 XpOMOCOM, H3 KOTOpbIX OXHOCHXejIbHO JieiXCO Ĥ eHTH(J)HIl,Hpy- 
IOTCH TOjibKo 18-20 ABynjieqnx. OTHonjieaHe xpoMocoMbi o6pa3ÿiox 
nocTeneHHo yMeHbmaiOĤ HHcsi no pasMepaM pa#, b kotopom Bbî ejieHHe 
riap xpoMocoM ycjiOBHo #a;xe apa Hcnojib30BaaHH Mexo^a G- OKpantHBa- 
HHa xpoMocoM. BbmBjieHHé reTepoMop<J)Hbix nojioBbix xpoMocoM b xaxoM 
KâpHOTHne peajibHo npn ycjioBHax, hto ohh TByiuieane hjih o#Ha h3 hhx 
reTepoxpoMaTH3HpoBaHa. JIh6o oto bo3mo)kho npn Hcnojn>30BaHHH Mexo-
AOB OKpaiHHBaHHa, H03B0JÏ3HOm,HX TOaHO Ĥ eHfH(j)HH;HpOBaTb rOMOJIÖ- 
maHbie xpoMocoMbi. K coxcajieHHio, Sojibhihhctbo nonbiTOK npnMeHeHHa 
3THX MeTOAOB npH HCCJIe#0B3HHH KapHOTHnOB JiococeBbix (b aaCTHOCTH,
Mexo^a G-OKpaiHHBaHHa) He npHBejik k nojio;KHTejibHbiM pe3yjibTaTaM.

Ha aerapex HCcjie/joBaHHbix c acnòjib30BaHaeM Mexojja C-oxpaiHH- 
BaHHH bhjjob po#a (OpojioB, 1988) HH y OAHoro He oÖHapyjxeHO rexepox- 
POMkTHHH3aaHH xpoMocoM xaxoH-jiHÖo napbi. Jlnuib CHÖnpcxaa 
panynixa oxa3ajiacb yzjoÖHbiM oöbexxoM: pasjraaM xapnoxHnoB caMox h 
caMaoB 3T0T0 BH#a xacaioxca HMeHHO ancjia a Mop4>ojiorHH #BynjieaHx 
xpoMocoM — b xapnoTHne caMöx ax 18 (8 Mexa- a 10 cyÖMeTaaeHTpHae- 
cxhx) , b xapnoTHne cäMaöB 19 (10 Mexa- h 9 cyÔMexaijeHxpHaecxHx), 
oflHonjieaHx xpoMocoM 62 y ocoôeô o6ohx nojiOB. Jipe cyÔMexaijèHxpHHe- 
cxHe xpoMocoMbi xapHOTHna caMpx h o#Ha nenapHaa y caMî oB hachth- 
(|)HipipoBaHbi xax X-xpoMöcoMbi, ai Äße MetakeHTpHaecxne xapHOTjma 
caMnoB - xäx Yj (caMäa xpynHaa h3 ABynjieaHx) h Y2 (caMaa Mejixaa h3 
AByiuieanx) xpoMocoMbi. Taxne CTpyxTypa xapnorana h Mop^ojioma
nOJIOBbIX XpOMOCOM n03BOJIHJIH npê nOJIOyKHTb MexâHH3M HX B03HHXH0-
BeHHa — nyTeM TpaHCjioxau,HH hcxo^hoji X-xpomocombi Ha ayTocoMy h 
00pa30BaHHa CHCTeMH MHO^eCTBeHHMX nOJIOBHX XPOMOCOM XX-XY1Y2 
(pHC. 3). OcHOBbiBaacb Ha MopcJxxaorHH h crpyxType nojioBMx xpoMocoM, 
BHHBjiaeMOH npH C-oxpaniHBaHHH, 3Ty TpaHCJioxau,Hio moncho othccth k 
H,eHTpOMepHO-TeJIOMepHOMy COeAHHCHHIO. Ilo-BHJJHMOMy, 3Ta TpaHCJIO- 
xau,Ha oçymQCTBHjiacb 6es aaMexHOH noTepH Maxepaajia yaacxBOBaBuihx 
b Heñ xpoMocoM h He npHBejia x cymecxBeHHHM reHexHaecxHM paajiHaH- aM Me^y nojiOBbiMH xpoMöcoMaMH.
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KapnoTHn eBponeñcKOH paflyiiixit  C.albitla onem* cxoach c xapHO- 
THnoM cHÔnpcKOH panyiiixH (Nygren et al., 1971). Ilo oiihchhhk) aßTO- 
poB, ee KapnoTHn coAep;xHT 80 xpomocom: 16 AsynAeanx h 64 
OAHönjie^Hx, NF=96. HccAeAOBaHbi xapHOTHHbi xaK caMOK, Tax h caM- 
Hob, ho pa3OTMHH b HHx ne oÔHapyKeHo. OAHaxo npHBeAeHHHH b paôoTe 
HJUHOCTpaTHBHblH MaTepHaJI BbI3bIBaeT COMHCHHH B erO IIpaBHJIbHOH HH- 
TepnpeTanHH aBTopaMH. Bo-nepßbix, npaBHjibHOCTb ipaxTOBXH HexoTO- 
pbix xpomocom Ha npHBê CHHOH xapHorpaMMe. HexoTOpwe h3 hhx, 
noMemeHHbie b paA ABynAeHHx xpomocom, aBAHiOTca, Bepoaraee Beerò, 
pe3y^btaTOM HajioxeHHa A»yx axpoi^eHTpnaecxHX (nepBaa b TpeTbeô h 
BTopaa b BOCbMOH napax AByn̂ eMHX xpomocom). flpyrue, aBHO AßynAe- 
iine, noMemeHbi b napbi c axponeHTpHHecxHMH (nepBaa bo btopoh, 
TpeTbeii h TpHflu,aToii napax, BTopaa b naTOH nape oAHOiuieHHX xpomo
com) (Nygren et al., 1971; pnc.7). Bo-btopmx, noBOA AAa comhchhh Tax-
7KQ ABIOT 4X)TOrpa(J)HH MeTa4)a3HbIX EUiaCTHHOX: Ha OAHOH H3 hhx Ha phc.8
HacHHTbiBaeTca ahihb 77 xpomocom, a He 80, xax cjie^yeT h3 no^ipCH k 
HeMy; MeTa(^a3Haa njiacraHxa Ha pnc.9, h3 xoTopoii npnroTOBAeHa xa- 
pHorpaMMa pnc.7, nojiyneHa H3 ceMeHHHxos h coAepaKHT, Ha Ham B3iviaa, 
He 80 xpomocom, a 81. Ee anajiH3 no3BOAaeT BbiAeAHTb b Heik 19 Asynjie- 
mhx xpomocom. B-TpeTbHx, cpa3y o6pam¡aeT Ha ce6a BHHMaHHe Ha 3toh 
MeTac})a3HOH iuiacranxe OAHa h3 ABynAeanx xpomocom, jie^xamaa ot- 
ÄejibHO OT APyrHx xpomocom Ha ceMH aacax: OHa hbho xpynHee Bcex APy- 
rax xpomocom, roMOAora en hct. BoAee aeTxo BHAHa Ha 3toh 
MeTacJ)a3HOH njiacTHHxe h MopcfroAorna pacnoAOxeHHOH HH>xe n,eHTpa 
njiacTHHXH oaeHb mcaxoh MeTan,eHTpHaecxoH xpomocomh (Ha xapnor- 
paMMe OHa nepBaa b TpHAnaTOH nape oAHonAeanx xpomocom) . Up otho- 
CHTeAbHblM pa3MepaM H MOp4>OAOrHH 3TH ABe XpOMOCOMbl COOTBeTCTByiOT 
Y  i-  h Y2-xpoMocoMaM CHÔHpcxoH panymxH (OpoAOB, 19906). H3Jio;xeH- 
Hoe 3acTaBAaeT nac cacaatb bhboa, hto xapnoranH A»yx bhaob panymex
HAeHTHHHbl H o6a OHH HMdOT CHCTCMy OnpeACAeHHH nojia XX--XY1Y2.

CHÔnpcxaa panymxa oÔHTaeT h b CeBepHOH AMepHice, ho xapHoran 
ee H3 3THX nonyAau,HH HensBecTeH. OAHaxo onHcaHbi (see na 3m6pho- 
HaAbHOM MaTepnaAe) xapnoTHnw nara Apyrnx aMepHxaHCXHx bhaob ch- 
roB: C. clupeaformes -  2n=s80, NF-IOS; C .a rted i- 2n=80, NF^lOó; CMoji 
-  2n“80, NF=96; C.remghardi -  2n=80, NF»Ï04; C.zeniM cus -  2n«80> 
NFHJS (Booke, 1968) . MeTâpe nocAeAHHx bhab TaxcoHOMHaecxH 6ah3kh 
CHÔnpcxoH panymxe, a xapnoranw Aßyx H3 hhx no aHCAaM xpOMpeoM h

Phc. 3. OôpaaoBaHMé CMCteMbi
MH02K6CTB6HHbIX IlOJIOBblX XpOMOCOM
CHÖnpcKOM panyuiKH Coregonus 
sardinella.
06o3HaneHHH KüK Ha pnc. 2
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XPOMOCOMHHX mien cxoahh c KapHOTHnoM caMox chöhpcxoh panymxn. 
Ha Ham B3rciaa, BnojiHe peajibHo oÖHapyxeHHe y 3thx bhaob Taxon x e  
chctcmh onpCAejieHHfl noaa, xax h y nooieflHe«. Æaa npoBcpxH aroro 
npeflno^oxeHHa «eoôxoflHMo TmaTenbHoe HccneAOBaHne xapnoranoB 
aMepHxaHCXHx bhaob chtob c iiphmohchhcm coBpeMeHHHx MeTOflOB aHa- 
pH3a xpoMocoM. B TaxoM HcaieAOBaHHH xapHoranoB HyxcAaiOTca h bhah 
bBpa3HH, nocxojibxy öojibniHHCTBo hx xapnoranoB HccjieAOBaHO MeroAa- 
MH TOTajibHoro oxpamHBaHHa xpoMocoM h 6e3 pa3Ae;ibHoro aHamöa xa- 
pHoranoB caMox h caMupB.

3axj i K)MeHHe

B HacToamee BpeMa b pe3yjibTaTe HHToreHeraaecKHx HcaieAOBaHHH 
Hama npeAcraBjieHHa o crpyxType, MexaHH3Max h 3bojik>ahh xapnoTH- 
noB jiococeBHx phö 3HaaHTejibHo pacnraparacb. B aacTHocra, ara Hcoie- 
AOBaHHa npHB&jiH x  BHaxieinBo y peroro paAa bhaòb pa3Hoo6pa3Hwx 
CHCTCM onpeAejieHHa nona, a y  nara bhaob -  reTepoMop<j)HHX nojiOBHx 
XPOMOCOM. MMCKHAHeCa AaHHHe CBHAeTejIbCTByiOT O CymeCTBeHHHX OT- 
jihhhhx npouecca AHtJxfcepeHHHapHH nohoBHx xpoMocoM y pw6, b tom
HHCJIP H JIOCOCCBHX, OT TaxOBOFO y APyrHX n03B0H0HHbIX XCHB0THHX.

y JiococeBHx ph6 aroT npopecc npoTexaeT b Aaa aTana. Ha nepBOM 
npoHCxoAHT reHeTHaecxaa AwixfrepeHimaima nojiOBbix xpoMocoM nyTeM 
noaBjieHHa b hhx pa3Hux ajuiejieü oahoto w m  HecxojibXHx onpeAenaro- 
iAMx non reHOB. IIojioBHe xpomocomh Ha 3T0M OTane H30Mopd>HH. H x re- 
TepoxpoMaTHHH3au,HH He npoHCxoAHT, HTO 3aTpyAHaeT anH AeaaeT 
HeB03M0*HHM H X  BH3BJieHHe UHTOreHeTHHeCXHMH MeTOAaMH (peAXHM 
HCxaioaeHHeM HB^axJTca, bo3mo* ho, noaoBHe xpomocomh aaBHan). Te- 
HeTHaecxHe pa3JiHana nojiOBHx xpoMocoM Ha stom aTane AHcJxbepeHima- 
A H H  He3HaaHTejibHH H  He npenaTCTByioT rnviHOH ropMOHajibHOH 
MHBepcHH nona b ooohx HanpaBnemjax c nojiyaeHHeM He Tojibxo xcH3He-
CnOCOOHHX, HO H IUIOAOBHTHX peBepraHTOB H JKH3HeOIOCo6HHX YY-caM- 
IJOB.

Ha c ^ e A y i o m e M  a r a n e  n p o H C x o A H T  M o p t j x w i o m a e c x a a  A H ij x j j e p e H p H -  

a p H a  n o j iO B H x  x p o M o c o M .  OHa o c y i p e c T B a a e T c a  b ö o j ib n iH H C T B e  C J iy a a e B  

n y T e M  O A H Q x p a T H H x  xpomocomhhx n e p e c r p o e x  r a n a  A e n e i p m ,  n p r n o A a -  

IA H X  X  H e 3 H a a H T e j I b H H M  M Op(J)OJXOrHaeCXHM  p a3JIH H H H M  n o n ò B H x  X PO M O 
COM , h T p a H c a o x a u H H  nonoBHx x p o M o c o M  H a  a y T o c o M H  c  o 6 p a 3 0 B a H H e M  

C H c r e M  M H o x e c T B e H H H x  n o ^ o B H x  XPOM OCOM . r e H e r a a e c x H e  p a 3 j r a * iH a  
n O JIO B H X  XPOM OCOM  n p H  3 T 0 M  C T aH 0B 3T C H  Ö O ^ e e  C y m e C T B e H H H M H , HO H e  

n p e n a T C T B y io m H M H , o A H a x o ,  r o p M O H a ^ b H o ö  h h b c p c h h  n o n a  c  n o n v a e H H -  
e M  Ä H 3 H e c n o c o o H H x  o c o 6 e ñ .

Kaie h y APymx pti6, xapaKTepnoö nepTOH 3bojiioij,hh üojiobhx xpo- 
MOCOM jiococcbhx Ph 6 HBaaeTca ee HeaaBHCHMocrb He rojibxo b pasHHx 
HaABHAOBHX TaxcoHax, ho h y pa3HHx bhaob. OnpeAenajoipHM npn atom 
aßnaeTca, Bepoarao, ynpomeHHHH, no cpaBHeHHio c TaxoBHM y Apyrnx
n 0 3 B O H O a H H X  JK H B O T H H X , M eX 3 H H 3 M  A H (J x f)ep eH H H a U ,H H  Ü O JIO BH X  X p O M O -  

c o M ,  x o T o p H H  B b i p a x c a e r c a  b  A » y x  o i y a a Ö H H x  h  O A H o x p a r a H x  n p e o ö p a -  

3 0 B 3 H H a x  h x  r e H e T H a e c x o H  h  M o p 4 ) O J i o r H a e c x o ñ  c r p y x T y p H  6 e 3
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npoMexyTOMHoro 3Tana HaicoiuieHHfl reHeTHqecKHx pa3jm*iHH h reTepox- 
pOMaTHHH3ai3,HH. CjieACTBHeM TaKOH He3aBHCHMOCTH 3B0JIK)II,HH nOJIOBblX
xpom ocom  HBjiHeTCn 6ojibffloe pa3HOo6pa3He chctcm  onpeAèJieHHH nojia y  
jiococeBwx p h 6 . Y tkq b HacToamee BpeMa BbiaBjieHH ch ctcm h  ikxjiobmx 
xpom ocom  XX-XY y  npeACTaBHTejieH poaob  Salvelinus h Parasalmo, 
XX-XY h X1X1X2X2-  XiX2Y y  A »yx bhaob poAa Oncorhynehus, XX- 
X Y jY 2 h Z Z Z Z -Z Z W W  y  A »yx bhaob poAa Coregonus. Bnojm e peajibHO 
npeAnojioxcHTb, mto b 6jm;xaHiiiee BpeMii 3tot  ciihcok 6yfl;eT npOAOJEKeH. 
IlpH 3tom  HàH6ojiee Bepoarao BMaBjieHne reTepoMopcJmbix hojiobhx  
xpom ocom  b rp ynn ax 6jih3kh x  bh aob, y  h ck o to ph x  H3 k o t o p h x  Taxne
XpOMOCOMbI y^ce H3BeCTHH, B aaCTHOCTH y  HeKOTOpHX BHAOB POAOB
Salvelinus h Parasalmo. Bce sto nosBOjiaeT OTxa3aTbca ot ninpoKO p ac- 
npocTpaHeHHoro MHeHHa 06 h30mop4)hocth nojiOBbix xpomocom y  6ojib~ 
IHHHCTBa BHAOB jiococeBbix.
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CTPOEHHE TOHAAbl MEAV3W
VERTENS

B.B.flypKHHa, E.M.KapaceBa, H.E.JIaMani, H.II.XyipiK

JfaôopamopuH peiyjiRiiuu pcuMHOxenux u Jlaôopamopusi cpaenumejibHOu lyimojiozwi 
Hncmurnyma ôuojiozuu MOpx flBO AH CCCP, BjiadueocmoK 690032

OnwcaHO rHCTonornuecKoe CTpoeHHe 3pejion iiojiobom >Kejie3bi caMu,OB, caMOK w rep- 
Ma<J)pOAMTHbix oco6en MeAy3bi Gonionemus vertens vertens, BbuiOBjieHHbix b Amypckom 3a- 
jiHBe HnoHCKoro MOpsi.

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.

J (Biologiya morya, Vladivostok, 1991, N 5, p. 18-22).
Meay3H poAa Gonionemus nrapOKO pacnpocrpaHeHH b BOAax T h xo-  

. ro, H hahhcxoik) h ATjiaHTHHecxoro oxeaHOB. B Haeroamee BpeMsi poA 
Gonionemus oth ocbt  k  ceM. Olindiadidae (Werner, 1984). HayMOB 
(1955) npeAJioacHji cbccth  H3BecTHHe k  TOMy BpeMeHH a c b e t b  bhaob  ro- 
HHOHeM k  TpeM: G.gemmifera, G.survaensis h G.vertens. HHTepecyionum 
Hac bh a  t  AAOBHTaH MeAy3a "xpecTOBHx" G.vertens L.Agassiz, 1862, ne- 
pHOAĤ ecKH noiiBjraeTCfl b MaccoBOM KOjnmecTBe b MaAOAoacAJiHBHe foam  
c acapKHMH jieTHHMH Mec5ffl,aMH y ôeperoB lô KHoro IIpHMopM, ocoôeHHO 
B CaHaTOpHO-KypopTHOH 30HC AMypCKOIX) 3ajIHBa r. BJiaAHBOCTOKa, BbI3H- 
Ban TH2KejiHe nopâ xeHHsi jiioach* HayMOB (1955) , MnxyjiHH n HayMOB 
(1974) CMHTaioT THxooiceaHCKoro "xpecTOBnxa" hoabhaom  G.vertens 
vertens b otjihmhc ot MeAy3 G.vertens murbachiy oÔHTaiomHX b  boaux  At- 
AaHTHMecKoro oxeana h He oôjiaAaiomHx toxchhhoctkeo. H mciotcsi CBe- 
AeHHH 06 axojiorHH, pacnpocrpaHeHHH, ^ hshchhom  u,Hxjie h 6ecno;iOM 
p a3MHO/xeHHn G.vertens h ero noABHAa G.vertens vertens ( T ambs-Lyche, 
1964; MnxyAHH, 1974; MHxyjiHH, HayMOB, 1974; Edwards, 19 76 ;  
Uchida, 1976; Bakker, 1980), OAHaxo OTcyTCTByiOT AaHHbie 06 oprami3a- 
u,hh nojioBoii xce;ie3H h raMeToreHeae roHHOHeM. B npeAJiaraeMOH paôoTe 
OnHCHBaeTCfl CTpoeHHe penpOAyKTHBHOH CHCTeMH M6Ay3bI "xpeCTOBHX".

MaTepnaji  h mctoA^xa
HccjieAOBaHMA BbinojmeHbi Ha MeAy3e Gonionemus vertens vertens. JKwBOTHbie 6bum 

OTjiOBjieHbi 24 MKWisi h 14 aBrycTa 1989 r. b AMypcKOM 3ajiMBe HnoHCKoro MOpsi b npMropOA- 
hoü 30He r.BJiaAHBOCTOKa. MeAy3 <j>HKCHpOBajiM b xcmakocth EyoHa. YuacroK Tejia c roHa- 
AOÜ Bbipe3ajiH, 3ajiHBajiw b napacj)nH no o6menpMHHTOH mctoahkc h npHroTOBjiajin cpe3bi 
TOJUU.MHOH 5“6 mkm. IlpenapaTbi oKpauiMBajiH reMaT0KCHjiHH-903HH0M. B pa6oTe npoaHa- 
AH3HpOBaHC),COCTOHMHe rOHaA y 31 oco6h.
18



t . 28, JVe 6 TEHETHKA 1992

YflK 575:597.554.5

ÀHAJDÌ3 KAPHOTHIIA rHEPHJJOB rOPByHIH 
ONCORHYNCHUS GORBUSCHA (WALBAUM)

H CHMBI O. MASOU (BREVOORT)

© 1992 r. «DPOJIOB C.B., MAKCHMOBIIH A.A.

Hccjie^oBaH KapHOTHn mokbhhobbix rnÓpHflOB. ropóyiHH O. gorbuscha (caMKH)
H CHMBI O. masou (XCHBBIC CaMÎ Bl). HeCMOTpH Ila 3HaHHTeJIBHBie paBJIHHHH KapHO- 
thiiob pô HtejiBCKHX BHflOB (2n = 52— 54 y ropóyiiiH HeneTHBix JieT h 2n *=, 66 y chmbi) 
THÓpĤ HBie OCOÒ'H BlIOJIHe XCHBHeCIIOCOÒHbl. Hx KapHOTHH IIpe$CTaBJI$ieT COÓOM 
cyMMy ranjio^HBix HaóopoB xpoMocoM pojjHTejiBCKHx bh^ob. ÓTMeneHa H3MeHHH- 
BOCTB 5IflpBimK006pa3yiOlHHX paÀOHOB XpOMOCOM, npHBOflHmaa K BapBHpOBaHHIO 
pa3MepOB H MOp(J)OJIOrHH HeCymHX HX XpOMOCOM.

npOÓJieMa H3MeHHHBOCTH KapHOTHUOB JIOCOCeBLIX ptl6 npHBJieKaeT BHHMaHHC HCCJieflO- 
BaTejien c MOMeHTa omicaHHH xpOMOCOMHoro M03amin3Ma Ha ocHOBe poòepTCOHOBCKiix 
TpaHCJioKaî HH y paayacHOH 4>opejiH Parasalmo gairdneri [1]. C xex nop pa 3 JiHHHBie tiinBi 
H3mchhhbocth KapHOTHna Ha ocHOBe pa3Hoo6pa3HLix McxaHH3MOB òbijih npeflnojioiKeHBi 
flJiH iiejioro pH^a bh^ob JiococeBBix pbió. Hanòojiee HHTepecHOH H3 hhx flBjmeicfl 
H3MCHHHBOCTL KapHOTHna rOpÓyiHH O. gorbuscha, OCOÓH CMeHCHBIX nOKOJieHHH KOTOpOÌÌ 
pa3JiHHaioTCH no nncjiy xpoMocoM ( b  neTHBie rojjBi 2n =  52, b  HeneTHBie ro^ti 
npeHMyniecTBeHHO 2n m 53—54) npn nocTOHHCTBe HHCJia xpomocomhbix njien [2, 3]. 
npeflCTaBJiHèT óojibuioh HHTepec xapaKTep HacjieflOBaHH» xpoMocoM y 3Toro BHjja b pĤ y 
noKOJieHHH, ocoòeHHO noKOJieHHH HeneTHLix Jiex. O^hhm H3 cnocoOoB ero H3yneHHH 
HBJineTCH HCCJiê OBaHHe KapnoTHnoB rHÓpnflOB ropóyniH c 6jih3Khm bh^om, saMerao 
OTiranaion̂ HMCii ot Hee no HHCJiy h MopcjxxrcorHH xpoMocoM. TaKHM yjjoÓHBiM h oónTaiomiiM 
coBMecTHO c ropòymeH hbjihctch ohm a O. masou (2n = 66). HccjieflOBaHHio KapHoinnoB 
raópH^oB 3thx flByx BHflOB h nocBameHa HacTOHmaH paòoTa. *

MATEPHAJI H METOAHKA

MaTepnaJioM fljra paóoTBi nocjiyacHJiH 10 0flH0B03pacTHBix MajiBKOB (4 caMKii h 
6 caMî oB, B03pacT 0+) ¿jByx pa3MepHBix rpynn (AC = 60— 65 mm h AC =  80— 85 m m ), 
nojiyneHHLix npn CKpeiijHBaHHH b ceHXflópe 1987 r. 12 caMOK ropòyniH h 5 KapjniKOBBix 
caMî oB chmbi. npoH3Bojo(HTejiH 6bijih OTJioBJieHBi b pexe Bejion (ropóyina) h npHTOKe 3 to m  
peKH Kjnone Tenj*OM (cHMa) b paiioHe noe. Cokoji (k»khbih CaxaJiHH). Hxpy HHKyOnpoBa- 
jih Ha Cokojiobckom pBi6opa3BOflHOM sasofle. MajiBKOB BLipam,HBajiH b aKBapHyMax c fle- 
Kaòpa 1987 r. no ceHTaópB 1988 r. npenapaTBi xpoMocoM totobhjih H3 kjictok nepejjHero 
oT^ejia nonKH no MeTOfly B03jjyniHoro BBicyniHBaHHH [4]. ToTajiBHoe oKpaniHBaHHe xpoMO- 
COM npOBÔ HJIH a3yp0M-303HH0M. fljIH BBIHBJieHHH HflpBiniK006pa3yi0mHX paHOHOB XpOMO-
c o m  (HOP) npHMeHHJiH mctom Ag-OKpaniHBaHHH [5]. Beerò Hccjie^oBajiH 340 MeTac}Da3HBix 
nnacTHHOK, H3 hhx 182 flH4>4>epeHiiHajiLHO OKpaineHHbix. Hncjia xpoM ocoM  noACHHTBiBajm 
b o  Bcex TOTajiBHO OKpaineHHBix h  nacTH ^H( ĉ})epeHiiHajiBHo OKpameHHBix MeTa4>a3HBix 
njiacTHHKax (TaÒJi. 1).
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TaóJiHija 1

P a cn p efle jieH H e HHCJia xpomocom b KJieTKax npe«noH KH  rHÓpHflOB O . gorbu sch a h O . m aso u

Oco6b Ĥhcjio HccjieAOBaHHbix 
KJieTOK, oKpamemibix

HhCJIO KJieTOK C pa3HbIM HHCJIOM XpOMOCOM

TOTaJIbHO Ag 56 57 58 59 59—60 60

1 10 1 _ 1 2 ' 1 '
$111' 8 9 — 1(B) 7 1

3 11 35 —  ' — 19 1_
4 22 31 1 11 — 27(B) —| 11
5 5 — 1 §  4" ^ ' \ __* *
6 3 — , — 2 1
7 " 52 71 2 3 r 7 38(B) 3 'v1'; —:í';'
8 15 14 1 1 1 11 ■ 1
9 12 9 | ® | W  i 1 1 3 É 14

10 19 12 — 1 2
B c e  r o 158 182 5 5 11 113 9 41

3 K C IIE P H 1 V ÍE H TA J ILH A H  H A C Tb

n o  HHony x p o m o c o m  HccjieflO BaHHBie oco6 h  jtc ho  pa3fle jw iO TC H Ha « B e  r p y im t i .  B  n e p B o ñ  
MajiLKH HMeioT b  K íip H O TH iic  59 x p o m o c o m , b o  BTopoñ —  60. y  o c o6 c h  o ó e n x  rp y n n  KJiacC I 
KJIC TO K C MOflaJILHLIM HHCJIOM XpOMOCOM 3aMCTHO npeO Ó Jia flaeT H  COCTaBJMeT O T 60 flO 
100% o t  o S m e ro  HHCJia H ccjieA O BaHHb ix K J ie TO K . H a 6 jn o « a e M B ie  KO Jie 6aH H H  n n c e ji 
XPOMOCOM M L I CKJIOHHBI O THeC TH K  apTecJjaKTaM, ofíyC JIO BJieHHLIM  nO TepaM H XpOMOCOM 
b  nponecce npHTO TO BJiéHHJi np ena p a TO B, a He h c t b h h o í í  H3m c h h h b o c t i>k ) HHCJia x p o m o c o m .
B nojn>3y 3 T o r o  r o B o p u r  n p a xTH H e c K H  n o jiH o e  o Tc y TC TB H e  k j i c t o k  c MHCJiaMH xpomocom 
B L irn e  M o ^ a jiB H o ro  y  p b ió  o ó e n x  rp y im .

K a p n o T H n  o c o ó e n  c 59 xpOMoeoMaMH B K Jn o n a e T 45 M eTa- h  c y Ó M e Ta ije H Tp H H e c K H x, I 
10 c y Ó Te jio ije H Tp H H e c K H x  h  4 aKp o ije H TpH ne c K H X  x p o m o c o m  (pnc. 1). IIo c K O J iLK y  K a p n o TH n  1 
HBJweTCH rn Ó p u ^ H tiM , xpOMOcoMbi b  KapHorpaM M e pacnojionceHLi corjiacHO  h x  Mopc|)OJiorim  
H  pa3MCpOB B BH ^e p flflO B  OflHOnJieHHX H flBynJieH H X  XpOMOCOM Óe3 Bb lfleJieHH H na p  TOMO- 
JIO FH H H LIX  XpOMOCOM. B K a p H O TH Iie  p L IÓ  C 60 XpOMOCOMaMH 44 M e Ta - H  cyÓ M eTa-  
i íe H T p in e c K H X , 1 0-c y Ó Te jio ije H Tp H H e c K H x  h  6  aKpoi^eHTp iiM ecKHX x p o m o c o m . B T p e x  Mexa- 
(})a 3H Lix  n jia c TH H K a x  o t  T p e x  o c o ó e íí o T M e n e H L i n o  o flHO M y oneH b  M ejiKO M y 3J ie M e H Ty  
(pnc. 2, TaÓJi. 1), cxojiHO M y n o  pa3MepaM c M ejiKHM H floóaBO HHbiM H xpoM ocoM aM H, o im caH-  
H LIM H  y  flByX  BH flO B CHTO BLIX p LIÓ  [6 , 7 ] .

npH A g-O KpaniH BaHH H BLIHBJIHíOTCH T p H  T f f l ia  Ü O P  —  B TeJIOMepHOM paiIO He KOpOTKOrO  
n jie n a  o^ h o h  na c yÓ Te jio ue H Tp H H e c K H x x p o m o c o m  n  b  npH ijeH TpoM epH O M  panoH e ¿ jJinH H oro  
iíJ ie n a  K p y n H o íí c y Ó M e Ta ije H Tp H q e c K o íí (y  o c o ó e íí c 2n = 59) j ih ó o  b  np H ije H Tp o M e p H O M  
p a íío H e  KpynH O H  a ic p o ije H Tp H H e c K o íí xpoM ocoM bi (y o c o ó e íí c 2n = 60) (pnc . 3). Oxpa- 
n iH Ba e M Bie  J I O P  Ha BCeX XpOMOCOMáX Q HeHL H 3M e H H H BLI. H a M H  Bb lfle J ie H b l HeCKOJIBKO  
TH n Ó B XpOMOCOM, Hecym HX 5 IO P ,  Ha OCHOBaHHH BLIBBJie H H O H  MOp(|)OJIOrHH 3 TH X  pañOHOB 
(pnc. 4).

O B C y * A E H H E

K cô KajieHHK), jcapnoranLi caMOK ropóyuiH h KapjiHKOBLix caMijoB chmli, abjihbhihxch 
pojprreJiHMH paccMaTpHBaeMbix rnópHflOB, HaMH He HCCJieflOBaHbi. OjjHaKo flaHHLie o Kapno- 
THnax 3thx BHflOB HMeioTCH b JiHTepaType. O KapHOTHne chmli, b tom HHCJie h lora 
CaxajiHHa, cymecTByeT mhofo cBefleHHÍí [8—12]. Bce aBTopLi OTMenaioT b HeM 66 xpoMo- 
coM H, b saBHCHMOCTH ot KJiaccHcJwKaitfiH xpomocom HeKOTopLix nap, 100—104 XpOMO 
comhlix iuiena. lio HauiHM ¿jaHHbiM KapHOTnn chmli (MOJioflH H3 Kjnona Tenjioro, b KoxopoM 
BLIJIOBJieHLI HCnOJIL30BaHHLie B CKpemHBaHHH KapJIHKOBLIC CaMÎ Ll) COffepHCHT 34 Mexa-
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Phc. Il MeTacJ)a3Hbie njiacTHHKM (a, 6) h KapaorpaMMbi (e, z )  rwôpHflOB O. gorbuscha h O. masou: a, e  2n -  59, 
NF= 104, 6, z — 2n = 60, NF =104. M-CM — MeTa- h cyÔMeTa-, CT — cyÔTejio-, A — aKpoiienTpimecKMe
XpOMOÇOMbl. 06. lOOx, OK. 7x

h  cyöM CTai^CHTpHHCcKHX h  8 a K p o ije H Tp H H e c K H X  xpOMOcoM, T .e . ee K a p H O TH ii 2n = 66, 
NF = 104, H TO  corjiacye TC H  c jja H H LiM H  f lp y rn x  H c c jie flO Ba Te jie ñ .

K a p H O TH n  ro p 6 y n iH  TaK>Kc HccjieflO Bajica H eojjH O KpaTHO . B o j il i i i h h c t b o  a B To p o B  o t - 
M e n a jiH  b  HeM 52 xpoMOCOMLi [9, 10, 13]. O flH a K O  no32Ke Ôb i j i h  y ö e ^ H Te jiLH O  n o K a 3 a H L i 
c y m e c TB e H H L ie  pa3JiHHHH K a p H O TH iio B  o c o ó e ñ  c m o k h b ix  J ie T . P l i ö b i  h c t h l i x  J ie T  H epecTa  
HMCiOT b  K a p H O TH ne  52 f lB y n jie H H e  (M eTa- h  c yÖ M eTa ije H TpH H ec KH e) xpoM OCOM Li, p t iÖ L i
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Phc. 2. MeTac})a3Hi>ie nJiacTHHKH nrôpH R O B  O. g o rb u sch a  h O. masou c ¿joóaBOHHbiMH (?) xp o M o co M a M H  (y K a a a n t i 

crpejiKaMw). i^BOHHtie CTpejiKH —  MapKepHbie xp o M o co M b i KapHOTHna ro p ö y u iH . 06. lOOx, o k . 7x

Phc. 3. H3MeHHHBOCTb ÄOP xpoMOCOM b KapHOTHnax rHÖpHjjoB O. gorbuscha h O. masou. 06. lUOx, ok. 7x
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n T2 T3 T4 QI C2 C3 C4

Phc. 4. Thiii>i xpoMOCOM, Hecymux HOP, b KapHOTwnax rHÓpHflOB 
0. gorbuscha h O. masou

H e n e T H L ix  JieT H e p e c ra  —  npeH M ym ecTBe H H O  53—54 xp o M o c o M Li (50— 51 M eTa- h  cyö-
MeTaU,eHTpHTieCKHX H 2-— 4 aKpOÎ CHTpHHCCKHX) npH CTaÖHJILHOM HHCJie XpOMOCOMHLIX IIJICH  
NF = 104. 3 th pa3JiHHHH KapHOTHnoB oTMCHCHLi y pbiö KaK CaxajiHHa, Tax h KaMnaTKH 
[2, 3], CymecTBOBaHHe pa3JiHnaiomHXCfl KapHoranoB y ropöyniH KaMnaTkH (2n = 52 n 
2n = 53 anpn NF = 104) no3»ce ö l ij io  noj*TBep>KfleHo o « h h m  h 3 aBTopoB [14]. 3 th pa3- 
jiHHHH oöycjioBJieHLi pa3flejieHHeM o jjh o h  h 3 KpynHLix cyÖMeTaijeHTpHnecKHx xpoMocoM Ha  
^Be aKpon,eHTpHHecKHe j ih ö o  oöpaTHLiM npoijeccoM.

B c B e Te  f la H H t ix  o  K a p n o ra n a x  ro p ö y in H  p a 3 H L ix  J ie T  He pe cTa  (n = 26 b  n e T H L ie  h n = 
= 26—-27 b  H e n e TH L ie  ro j jb i)  craHOBHTCH h o h h t h l i m h  n o jiy n e m iL ie  h b m h  ¿ jaH HLie  o K a p iio -  
TH n a X  THÖ pHflO B O T CKpCIH,HBaHHH ee C CHMOH ( f l =  33). IIo C K O JILK y  HCCJieflOBaHHBie HaMH  
ra ö p n ^ H L ie  o c o 6 h  HBJiH ioTCH n p o jjy K TO M  cKpeu^HBaHKH c h m l i  c ro p ö y in e ii  1987 r. HepecTa  
(H e n e TH o ro ) , t o  cyM M HpoBaHHe ra n jiO H jjH L ix  H a öo po B xpoM ocoM  p o flH re jib C K H X  b h ^o b  npn- 
b q j j h t  3a c n e T  e ym e c TBO B a H H H  y ro p ô y n ra  j jB y x  T H n o B  ra M e T  k  n o H B J ie H H io  ¿ jByx  
TH Ö p H flH B ix  kapHO TH HO B —  2n = 59 (n = 26 x n = 33) h  2n = 60 (n = 27 x n  = 33). B o jie e  
T o r o ,  pa3JiHHHe x a p n o ra n o B  rn ö p H flH L ix  o c o ö e fi 0¿ jH 03H aHH 0 y x a 3 L iB a e T , h t o  cpe^H caMOK 
ro p Ö y iH H , HCn0J IL 30B a H H LIX  flJIH  C Kpem HBaHHH, ÖblJIH OCOÓH C 2n = 53—54. THÖ pH flb l c 
K a p H O TH n o M  2n = 59 h h c j ic h h o  np e o Ö J ia a a io T, h o  s t o  np e o ö J ia ffa H H e  oöycJiOBJieHO , 
B e p o H TH e e  B e e rò , h m c h h o  H a jiH H H e M  y ro p ö y n iH  K a p H O TH n a  2n = 54. Fio pasM epaM  
rH Ö p H flH L ie  OCOÖH C pa3HLIMH KapH O TH HaM H He pa3JTHHaiOTCH. X o t h  Bce rH Ö p H ffL I ÖOJiee 
K p y n H L ix  pa3M epoB h m e iO T b  x p o m o c o m h o m  Haöope 59 xpoM ocoM , TaKO H >Ke Haöop oTM eneH  

h  y n a c ra  ö o jie e  m c j ik h x  p L iö .
T o , HTO  K a p H O TH n  rHÖpHflOB HBJIHeTCH CyMMOH ra n J IO H flH L IX  H a ö o p o ß  XpOMOCOM pO flH- 

Te jiLC K H X  b h j j o b , no^raepH C flaeT h  e ro  c rp y K Ty p a . Y c h m l i  b  ran jiO H^HO M  H aöope 19 M eTa- 
I^eHTpHHeC KHX, 10 C yÖ TeJIO IieH TpH HeC KH X H 4 aKpO I^eHTpHHeCKHX XpOMOCOM (n = 33), 
y  ro p ö y iH H  H e n e ra o ro  ro j ja  H e p é c ra  26 M eTa - h  c y Ö M e Ta ije H Tp H n e c K H x  (n  = 26) j ih ö o  
25 M eTa- h  c yÖ M eTa ije H TpH H ec KH X  h  2 a K p o ije H Tp H n e c K H X  xpoM ocoM  (n  =  27), a y  rn ö p n -  
¿jo b  45 M eTa- h  cyÖ M eTane H TpH necKH X , 10 c y Ö Te jio ije H Tp H H e c K H X  h  4 a K p o y e H Tp H n e c K H X  

(2n = 59) j ih ö o  44 M eTa - h  c y Ö M e Ta ne H Tp nn e c K H X , 10 c y Ö Te jio ije H Tp H H e c K H X  h  6 a xp o -  
i^eH TpH Hec KH x xpoM ocoM  (2n = 60). B o jie e  T o r o ,  h  TO Ta jib H o e , h  (e m e j iy n iu e )  Ag-oK pa- 
IHHBaHHe n03BO JIH K )T B L Ifle J IH Tb  rp y n H L I XpOMOCOM H O Tffe J ILH L ie  XpOMOCOMLI, HBJIHIOmHeCH 
M a p Ke p H LiM H  äjih K a p n o ra n o B  p o flH Te jiLC K H X  B H flo ß . B rHÖpHjQ[HLix K a p H O TH n a x  2n = 59 
H^eHTH(|)HHlH p y K )Tc a  rp y n n b i c y Ö Te jio ije H Tp H H e c K H X  h  a K p o ije H Tp H n e c K H X  xpoM ocoM  
K a p H O TH na  c h m l i , O Tc y TC TB y io n p ie  y ro p ö y iH H  n p n  n = 26, b  K a p H O TH n a x  2n = 60 —
TO JILKO  CyÖTeJIOH,eHTpHHeCKHe XpOMOCOMLI CHM LI H  B OÖOHX---  OflHa H3 Cy Ö TeJIO I^eHTpII-
necKHX xpoM ocoM , HM e iom an Ä flp L im K o o ö p a 3 y io m H H  p a no H  (c m . pnc. 3—4). M 3 Kap H O TH na  
ro p ö y n iH  m o h c h o  H A e H TH ^ H i^ H p o B a TL  x a p a K Te p H L ie  ^ j ih  H e ro  M e jix y io  cyÖ M eTa i^eHTpn-  
n e c K y io  xpoM OcoM y c y ^ J iK H e m iL iM  n ,e H Tpo M epH LiM  panoHOM  h  K p y n iiy io  c yÖ M eTane H Tpn-  
n e c K y io  (2n = = 59) j ih ö o  K p y iiH y io  a K p o ije H Tp H H e c K y io  (2n = 60) xp o M o c o M Li c HLOP, 
pacnOJIOHCeHHLIM OKOJIO m e H Tp O M e p L I (CM. pHC. 1—3). 3 t H  XpOMOCOMLI h b j ih io t c h  
Ma p K e p H LiM H  fl jiH  KapH O TH na  ro p ö y n iH  h  b l ih b j ih io t c h  b  HeM Ha MeTacJ)a3HLix n jia c TH H K a x  h  
K apnorpaM M ax, n p e ^ c Ta B J ie H H Lix  p a 3H LiM H  aBTOpaM H [2, 3,9 ,14— 16]. npn s t o m  K p y n H L ie  
cy Ö M eTa ijeHTpHnecKHe xpoM ocoM Li n a c ro  moncho  b l i h b h t l  h  öe3 Ag-O KpaniHBaHHH n o  c jiaöo  
o K p a n iH B a io m e M y c H  y n a c TK y  ^ j ih h h o t o  n j ie n a , pacnojio5KeHHO M y o k o j io  ju e H Tp o M e p Li 
( c m . p nc . 1, a ,  e \  2 ,  6 ) ,
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TaSjmija 2

PacnpeAejieHHe xp o M o co M  c 5IOP b KJieTKax npejyiOHKM rH6pHflOB O. gorbuscha h O. masou

Ocoób Hmcjio
Hccjie-
flOBan-
H I>IX

Kjie-
TOK

HhCJIO KJieTOK C pa3HbIMH THnaMH xpOMOCOM C 9a OP

n n O . T4 n c i T 1C 2 r í e s n c 4 T2C1 o c i T4C1 T4C2

1 1 i
9 4 4

3 35 6 12 — 10 — — 7 — ■ H
4 31 1 3 — — 19 1 — — 7 H H — 1 H |
7 71 47 16 ' — 6 — jr -Í — 2 — — - — '
8 14 1 “ — — 5 ' — 2 3 3 —

9 9 — — 2 2 — — — \ I S - I ' ' 3 1 i
10 12 ~r~ 9 2 5— , — — — 1 ppfi|SP ; ilu d ís  J i

c e r o 182 5 9 35 11 4 4 0 1 2 3 19 5 1 1

ripuMenaHue. 06o3HaneHH5i xpoMocoM, KaK Ha pnc. 4.

MccjieflOBaHHe aKTHBHLix 5IOP y rnópHflHLix ocoóen noKa3ajio, hto nacTOTa oxpa- 
niHBaeMocTH (h cootbctctb^hho aKTHBHocTH) 5IOP, npoHcxoflfliu,Hx H3 reHOMa ropóyniH,
3HaHHTeJILHO BLIUie --- OHH aKTHBHLI BO BCeX HCCJieflOBaHHLIX KJieTKaX, Tor^a KaK HOP
reHOMa chmli —  jihihl b 4 0 % kjictok h tojilko npn aKTHBHLix 5IOP rop6yiira (xaóji, 2). 
HaHÓoflee nacTO BCTpenaioTCfl oflHHapHLie 5IOP ropóyniH —  TI h T3 (nacTOTa 
BCTpeHaeMocxH cooTBeTCTBeHHO 65,5  h 7 2 ,5 %) h ghmli —  C 1 (ohh OTMeneHLi b 9 0 ,5 %
KJieTOK C aKTHBHLIMH ÜOP CHMLl). JIpH HaJIHHHH B KJieTKe THÓpHfla flByX OKpaiHHBaK)IH,HXCH 
#OP OHH, KaK npaBHJIO, TaKHCe OflHHOHHLie B XpOMOCOMaX OÓOHX BHflOB. KaKOH-JIHÓO 
3aKOHOMepHOCTH B TBKOM npOHBJIeHHH aKTHBHOCTH 5IOP HBMH He BLIHBJieHO. Hx 
aKTHBHOCTL He KoppejrapyeT hh c pa3MepaMH, hh c nojioM rnópHflOB. BepoaTHee Bcero, 
HMeHHO TaKOe COCTOHHHe aKTHBHOCTH HOP HBJIfleTCfl HOpMOH ¿JJIfl pOflHTeJILCKHX BHflOB H 

He H3MeHaeTCH y rHÓpHjjoB. B 3tom cjiynae HajiHHHe abohhlix hjih cjjBHHyTLix no och 
XpOMOCOMLI aKTHBHLix flOP CJieflyeT paCCMaTpHBaTL KaK npOH3BOflHOe COCTOHHHe.

B JiHTepaType HMeioTCH CBejjeHHH o KapHOTHne THÓpHjjoB ropóyniH h npoxo^HOH 
CHMLI ^  2 n = 59  [10], HTO COOTBeTCTByeT OflHOMy H3 OnHCaHHLIX HaMH KapHOTHHOB. 
CBe^eHHH o rnópHflax ropóyniH h chmli c 2n = 60  mli He oÓHapyxíHjra. IIocKoiiLKy 
b paóoTe Apan [10] Tarace HcnojiL30BaHLi THOpHflLi ot CKpemHBaHHfl ropóyniH HeneTHoro 
(1977) rojja HepecTa, Bnojme BepOHTHO, hto ero ¿jaHHLie oÓ'lhchíiiotcíi cjiynaHHLiM hc- 
H0 JiL30BaHHeM b paóoxe ocoóh ropóyniH c 2n = 52 , KOTOpLie BCTpenaioTCH b HeneTHLie 
roflLi b HeóojiLHioM KOJiHnecTBe b ¿jpyrHX nacTHX apeajia [2 , 3]. ripeflnojio>KeHHe 06 
Ĥ eHTHHHOCTH KapHOTHHOB ropOyiHH CMOKHLIX JieT, 3aXOfl5imeH Ha HepecT B ítnOHHIO 
(Apan HcnojiL30Baji b paóoTe pnióy c o. XoKKaHflo), npeflCTaBjmeTCH MeHee BepoHTHLiM. 
HcKJHoneHa h bo3M05khoctl HenpaBHJiLHoro noflcneTa XpoMocoM y rnópimoB, nocKOJiLKy 
asTOpoM npeflCTaBJieH MaTepnaji oneHL BLicoKoro Kanecraa, He ¿jonycKaiomHft HBoinioro 
TOJIKOBaHHH.

flaHHLie o KapHOTHnax rHÓpHflOB chmli h ropóyniH, a TaK^ce rnópHflOB sthx bh^ob 
c ^pyrHMH BHftaMH THXooKeaHCKHX Jiococeíi noKa3LiBaioT, hto bo Bcex cjiynaax ohh 
npe^cTaBJiHioT coóoít no nncjiy xpoMocoM h CTpyKType cyMMy ranJion^HLix naóopoB 
xpoMocoM poflHTejiLCKHX BHflOB flanee y Hê cH3Hecnoco6HLix oco6eñ [10, 11, 17].

CyMMHpyH H3JIO»CeHHOe, MOHCHO OTMeTHTL, HTO, HeCMOTpH Ha 3HaHHTeJILHLie pa3JIHxIHÍI 
KapHOTHnoB ropóyiira (2n = 52— 54 , NF = 104) h chmli (2n = 66, NF = 104), nojiyneHHLie 
npn hx cKpeiu,HBaHHH rnópHflLi BnojiHe neH3Hecnoco6 HLi. Mx.pa3BHTHe He conpoBoneflaeTCH 
HapymeHHHMH reHeTHHecKoro annapaTa, a KapHOTHn no HHCJiy xpoMocoM h CTpyKType
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npeflCTaBJiaeT co6oft cyMMy raiuioHflHbix Ha6opoB x p o m o c o m  poflHTejiLCKHX b h j j o b . IIpH 
3TOM CKOpOCTfc pa3BHTH5I rn6pH#HI>IX OCo6eH He 3aBHCHT OT HHCJia XpOMOCOM b  KapHOTime
(2n = 59 HJiH 2n = 60).
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HucTHTyT 6HOJiornn Mopa HocTynHJia b pe^aKii^io
flBO  PAH , Bjia^HBOCTOK 10.VI. 1991

KARYOTYPE ANALYSIS OF PINK SALMON ONCORIIYNCUS GORBUSCIIA (WALBAUM)
AND MASU SALMON O. MASOU (BREVOORT) IIUBRIDS

FROLOV S.V., MAXIMOVICH A.A.

Institute of Marine Biology, Russian Academy of Sciences 
Far East Division, Vladivostok

S u m m a r y

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 = 5 7 —54) in pink salmon in uneven years and 2n = 66 in masu salmon), hybrids are 
quite viable. Their karyotypes contain the sum o f haploid sets of parental species. Variability of NORs 
leading to different size and morphology o f  chromosomes with NORs was noted.
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AHAJIH3 TEHOMOB BOPOH (CORVIDAE, PASSERIFORMES)
H 3 30HBI HEPEKPLIBAIOimiXCH APEAJIOB H raEPH iJH 3A IJH H

© 1992 r. KPIOKOB A.n., yOLIPKHHA O.B., HEJIOMHHA T.H.

IIpoBefleH pecTpHKtBioHHbiM aiiajno aJlHK h 3JieKTpo<})opeTHHecKHH aHajiH3 
CBIBOpOTOHHLIX CeJIKOB KpOBH CepOH CorVUS COmix, HepiIOH C. corone BOpOH H hx 
ecTecTBeuHtix rH6pHflOB. Y  pojjhtcjilckhx (|)opM pa3JiHHHii He oSHapyxceHo. 
rH6pH«ti xapaKTepH3yioTca noBBimeHHOH hsmchhhboctlio KOJiHH&CTBa noB- 
TopoB JJHK b pecTpHKTHtix <}>parMeHTax, a Taxxce HajiHHueM co6cTBemn>ix Ba- 
pHaHTOB ajn>6yMHna, nocTTpaHC<J)eppHHa h 3CTepa3bi. IIoflTBepiKHeHBi oSinne 
rrpHmpmbi opraHHiaijHH FeHOMa iram, h nacjie^oBanHH npH3HaKOB y rHSpHflOB.

Ojjhhm H3 HanOojiee h3bccthlix npHMepoB ecTecTBeHHOH rn6pHBH3aiiHH »chbothbix 
«BJiaeTCH CKpem,HBaHHe cepon h nepHoii BOpOH. HecMOTpn Ha to, hto oh oiracaH bo mhothx 
yne6HHKax no TeopHH sbojuoijhh, CHCTeMaTHKe, 30oreorpacJ)HH, CHTyaipra flo chx nop He 
nayneHa bo mhothx OTHOineHrax: Ha ypoBHe crpyKTypti reHOMa, ajiJio3HMHOH H3MeHHH- 
bocth, ou,eHKH noTOKa reHOB MejKffy CKpeih,hbaioujhm hch c|)opMaMH. He onpejjejieH TaioKe 
TaKCOHOMHHeCKHii CTaTyC rn6pHflH3yK)niHX (}>OpM, H pa3HBIMH aBTOpaMH cepoil H HepHOH 
BopoHaM npnflaeTCH jih6o bh ôboh, jih6o noflBHflOBOH paHr.

HejiLio HacTOiimen pa6oTbi HBJineTCii aHajiH3 reHOMOB rnOpHflOB Meatfly cepoii Corvus 
cornix L. m nepHoii C. corone L. BopoHaMH b cpaBHemra c (JjeHOTHiiHHecKH «hhctlimh» 
hcxo ĥmmh 4>opMaMH. Mojioflbix nTHij oTJiaBJiHBajiH b OKpecTHOCTHX noc. VLtslt H THCyjIb 
KeMepoBCKoft o6ji., rfle HaxoflHTCH iieHTp hx ysKon cTa6njiLHOH 30hli ra6pHflH3an;HH [1]. 
B c6ope MaTepnajia npHHHMajiH ynacTHe B.H. Ejihhob h JI.H. rianiKOBa.

MATEPHAJI H METOflHKA

B MOJieKyjiHpHO-reHeTHnecKHX HCCJieflOBaHHHX 6biji HcnoJii>30BaH MeTOfl pecTpHKijHOH- 
Horo aHajiH3a flHK [2]. FIpenapaTLi HHK nojiynajin HHflHBHflyaJitHO H3 Hflep neneHH 
17 oco6eH CTaĤ apTHBiM 4>eHOJii>Ho-fleTepreHTHi>iM cnocodoM c oOpaOoTKoii PHKa3on 
h npoHa30H. riî pojiH3 flHK, pa3flejieHHe pecTpnkthlix cj)parMeHTOB h fleHCHTOMeTpmo 
BBinojiHHJiH, Kax onHcaHO paHee [3]. HcnojiL30BajiH TpH TeTpaHyKJieaTHflHtie HyKJiea3Li 
pecTpHKiiHH: Alul, BspRI h Sau3a, BLinycxaeMLie HIIO «OepMeHT» (Bhjilhioc). Eho- 
XHMHnecKHe HccJiê OBaHHH ocHOBLiBajiHCL Ha aHajiH3e b nojinaKpHJiaMH^HLix rejrax He- 
KOTOpLIX 6eJIKOB KpOBH 34 OCOSeH. AjIb6yMHHLI H 3CTepa3BI aHaJIH3HpOBaJIH no MeTOflHKe 
flsBHca [4], ocTajitHLie 6ejiKH —  no FaH3 [5].

3KCQEPHMEHTAJILIIAH HACTb H OBCy*AEHHE

KapTHHLi pacnieiuieHHX aflHK oxasajiHCL HyKJiea3ocneiiH<J)HHHLiMH. OflHaxo KanecTBeH- 
Hhix pa3JiHHHH b opraHH3aijHH reHOMa pa3Hbix cJ)opM BOpOH He odHapyxceHo (pnc. 1). 
HyKJiea3a Sau3a B&iHBHJia no oflHOMy AHCKpeTHOMy c|)parMeHTy b hh3ko- h bbicokq- 
MOJieKyjiHpHOH o6jiacTHX cneKTpa pa3MepOM npHMepHO 660 nH (mhhophlih KOMnoHeHT) h 
23^hh cooTBeTCTBeHHO. PecrpHKTa3a Alul bo Bcex reHOMax o6Hapy»CHJia noBTopaio- 
myiocH J3HK c thhhhhoh TaĤ eMHOH opraHH3anneH, rjie ĵinna ê HHHip>i noBTopneMocTH 
cocTaBJiHeT 210 rar. C noMonjbio BspRI Ĥ eHTHcJ)HiuipoBaH noBTop, 0praHH30BaHHLiH 6ojiee 
CJIQ5KHO. Pa3Mepti BspRI-c|)parMeHTOB KpaTHBi nx30, nx35 hjih (nx30) + 5 nH. Cjie^o-
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The positive results in mfj§e than ^ H ^ ^ S re % ^ ^ to  above would ’Suggest the mutagenic potential of 

Ernkym^o. in mke,s®t(|m and thereby M ^ r oubgof micr'ob|£(Stainer et al. 197® are nc^B fundw  h a w  
mutagenic p ^ ^ ^ W as Advocated by Manna (193® H d w lv# lmore studieHare in progress' ior further
wefificatl^hl^S
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5. Frolov, S.V. : Karyotype of Stenodus leucichthys nelma from Anadyr’ River

Stenodus leucichtfiys ispone of the species of subfamily Coregoninae ISalmonidag, P m 8 ). It iHvidelv 
distributed in the rivers of European, Asian and American North. One of Subspecies,;- 5. /. kelyna, inhabitl 
the rivers‘of Russian and Alaskan North. The karyotyp£svo f many coregonirie species of the genus: 
Coregonus are known now (Viktorovsk^B®'^/., 1§83), but there is only* one' report about karyoty^  of ‘5/ 

'iMiichthys from Alaska (Booke, 1975).: This paper reports the karyotype of North Asian S*h m h /oS jj  
from Anadyr’ River. ■

Fig. 1. Karyotype of S. l̂. m lma, 2n = 76, 1^ =98.
Top row',’ m etacentricssecond fovif, meta-submetacdntrics hnd submeta-subtelocehtricS third to 
sixth rows, acrocentrics.
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Karyotype of S.L 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 = 
N F —108. The difference in chromo||me numbers in these twp^karyotypes m aybe explained .;by. 

polymorphism noted for some species of salmonine fishes, but the reality of^fich great difference in NF is 
doubtfuB It may be due to difficulties in chromosome f^^qounting M  chromosomes prepared from ^-i „• 
leucichthys embryos without colchicine tpiatment as in Booke’s report. So, further investigation^ 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^ that thettrmer has 6 large submeta-subtelocentrics while the later has 
ohly**2 similar chromosomes.
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6. Frolov, S.V. & Miller, I.N. : 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 19*71, 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. mctlwia consists of 82 chromosomes, with 14 metacentric, 4 submetacentric 
and 64 subtelo- and acrocentric, NFgjlOO (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. leucoryiaenis 
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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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, N^B.02,. Thç 
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 malma from Kabanya River^is identical with karyotypes malma and Sj.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 th£se 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 cSi* Itpphm&M  from Edinka River is identical withBmy©types ,pf thi§>,species from 
Kamchatka (Frolo® S'press) and Japan (Abe & Muramotd 1974, Ueda & Ojima 19J^M eda 19§ ,̂ Ca\ cnd8| 
& Kimura 1989). Differences in NF ( ®  j©r 10^ reported in some paper» aB  dpi to different classificaticH 
&  submetacentrits with satellites-likStructure (NORs). Biffin S^uth Sakhalin | | d  Scmth Prymorye S/ 
■glfcgffiM hav& ij|-ootm ainlv 86) chromosomes,(Chernenko & wiktorovsk|i 1971, Vik|or®sk»d975). 
These data differ from otheBjones:^ So; Srther studiSof. S^^^m naejits  karyotype from diff^erft popular 
Turns* are under waif in«-bVdeffto investigate chromosome variation in thislspecjes.

- We wish To th| S i  Mr. I. Parnura. Pacific Research Institute of Fisheries ®id
Oceanography, Vladiypstok for his help ip fistoring the specimens.
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7. Iwatsubo, Y. & Naruhashi, N. : Cytological study of a triploid Potentilla riparia
Murata (Rosaceae)

Potentilla riparia is an endemic plant of Japan distributed in the central and wèstern parts of Honshu 
and Shikoku, IndMi the eastern part of Kyushu districts (Ohwi 1983). It has 2 ^ 9 .4  chromosomes, 
including Bmetacentricfpairs, 2;submetacentric pairs ;And one satellite subtelocentric pair (Iwatsubo & 

^ifflaruhashi 19®.), One triploid plant (2 ;Jp t) had been lolleCted at Kunigino, YasuhaHkamihigashi, 
ShionJf-cho, Kagawa-gun, Kagawa Prefecture in M || 1986 and was Cultivated in the Botanical Garden of 
ToyamàCuìiiversity. 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 IN HC1 for a few hours, and then macerated 
in IN HC1 for 1ÌJ  minutes, After staining inAJSLlacto-propionic orcein, meristemafic cells of the root 
tips were squashed and metaphase chromosomes were observed. Chromosome form was expressed using 
the nomenclature of Levan e t! a l (1964® Tofltudy chromosome configurations at meiotic metaphase I, 

p/¿young flower buds wpce fixedBiliewcom er’s fluid for 3 hours at room temperature and macerated with the 
same treatment as for the root tips. Flower buds were,stained ̂ with Schife’s reagent and anthers were 
squashed in 1.5% lacto-própionic orceiH Pollen fertility was hltimated on the basis of size and 
stam^bilitgffin lacto-propionic orcein.

This plant had 2'^ f I I  chromosomes (Fig. 2). In the somatic metaphase cell, the lengths of 
chromosomes ranged from 1.7 pm  to 1.1 pm, and the arm ratio varied from 1.1 to 4.S (Table 1). 
The chromosome complement was composed of three groups comprising liSi metacentric 
chromosomes, 6 submet acentric chromosomes and 3 subtelocentric chromosomes (Fig. 3). A 
satellite was constantly found on the short arm of one subtelocentric chromosome.




