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Abstract The karyotype of the dolly varden Salvelinus malma from Alaska was analysed. A pair of huge
acrocentrics, which could have resulted from either tandem fusion or centric fusion followed by
pericentric inversion, was observed. Ag-NORs were observed at the terminal regions of the second largest
chromosome pair, and individual size-differences in Ag-NORs and in chromosomes with Ag-bands were
found. From a comparison of the karyotypes of the dolly varden from Alaska and Hokkaido (Japan),
karyotype differentiation by pericentric inversion and translocation was discussed.

There are more reports concerned with karyotype
differentiation in salmonid fishes than in other fishes.
Robertsonian-type variations within species and in-
dividuals have been reported by several investiga-
tors (Ohno et al., 1965; Roberts, 1968; Fukuoka,
1972; Thorgaard, 1976; Ueda et al., 1983; Ueda
and Ojima, 1984a; Phillips and Kapuscinksi, 1987).
Chromosome changes due to tandem fusion (Ueda
and Ojima, 1983a, 1984b) and an increase or de-
crease in constitutive heterochromatin (Ueda and
Ojima, 1983b; Ueda et al., 1985) have also been
reported, as has intraspecific variation in both the
number and locations on the chromosome of
nucleolar organizer regions (NORs) (Ueda et al,,
1988; Phillips et al., 1988, 1989a).

This report presents C- and Ag-banding karyolo-
gical pictures of the dolly varden Salvelinus malma
from Alaska (U.S.A.), and from a comparison with
the karyotype of Hokkaido specimens (Ueda and
Ojima, 1983a), discusses karyotype differentiation.

Materials and methods

Twelve eyed-stage embryos of the dolly varden
Salvelinus malma from the Kubo Private Laborato-
ry, originally obtained from Juneau, Alaska, U.S.A.,
were used in the present study. The sex was not
checked. Chromosome slides were made by short-
term-culture and direct methods (Ueda, 1986). A
Giemsa C-banding technique following Sumner
(1972) was used for detailed chromosome analyses.
The silver banding technique of Howell and Black
(1980) was used for staining NORs.

Results

Fig. 1 shows the C-banding karyotype of dolly
varden (2n=82), which consists of 16 meta- (M)
and submetacentrics (SM) and 66 acrocentrics (A).
On this basis it is clear that NF (nombre fondamen-
tal) is 98. This karyotype form is characterized by
a pair of huge A with intense C-bands at the centro-
mere and at one point on the middle region of the
long arm (a in Fig. 1), and a pair of large A with
large, intense C-bands near the centromere (b in Fig.
1). In addition, C-bands are located on the terminal
regions of some chromosomes.

Ag-NORs were observed on the terminal regions
of the second largest chromosome pair (underlined
in Fig. 2). Size-differences in Ag-NORs (silver
stained NORs) and in chromosomes with Ag-bands
were found among individuals. A pair of chromo-
somes with Ag-NORs had three different forms:
large M with large Ag-NORs (LL-type), large M
with small Ag-NORs (LS-type), and small SM with
small Ag-NORs (SS-type). Four types of chromo-
some pairs, namely LL-LS-type (3 individuals), LL-
LL-type (3 individuals), LL-SS-type (5 individuals),
and LS-SS-type (1 individual), were recognized in
each individual (Fig. 3).

Discussion

Dolly varden from Juneau, Alaska, had the same
diploid chromosome number (2n=282) as examples
from Niseko, Hokkaido, reported by Ueda and
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Fig. 1. The C-banding karyotype of the dolly varden from Juneau, Alaska. a, a pair of huge A with intense

C-bands at the middle region of the long arm;

centromere.

b, a pair of large A with intense C-bands near the

Fig. 2. The Ag-banding karyotype of the dc.Jlly varden from Juneau, Alaska. The underline indicates a pair of

M or SM with Ag-NORs at the terminal region.

Ojima (1983a). Both populations of dolly varden
had a pair of huge A. Diploid chromosome numbers
of the dolly varden are two less than those of other
species in the genus Salvelinus which lack huge A.
Therefore, such huge A could have resulted from
either tandem fusion or centric fusion followed by
pericentric inversion.

A pair of large A with large, intense C-bands near
the centromere was found in the fish from Juneau
instead of a pair of M or SM with a structure similar
to the satellite and intense C-bands on the short arm
observed in the fishes from Niseko (“M or SM;
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Fig. 3. Four types of the second largest chromo-
some pair with Ag-NORs found in the dolly
varden from Juneau, Alaska. a, LL.-LS-type; b,
LL-LL-type; c, LL-SS-type; d, LL-SS-type.
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Fig. 4. A schematic figure of possible chromosome changes based on comparison between the dolly varden

from Juneau, Alaska and Niseko, Hokkaido.

Niseko”). Because the length and size of the C-
bands on both chromosomes are similar, their dif-
ferences might have resulted from a pericentric in-
version (Fig. 4).

Juneau dolly varden lacked a chromosome similar
to the “M or SM; Niseko” type, and Ag-NORs were
observed on terminal regions in a pair of large M or
SM. The number of M and SM in Juneau was the
same as that in Niseko, except “M or SM; Niseko”.
Therefore, both chromosomes with Ag-NORs may
exist under the relation of a translocation (Fig. 4).

Individual differences in size of Ag-NORs were
noted. Phillips et al. (1989b) observed NORs at
similar positions on the chromosomes of Alaskan
dolly varden, but individual size-differences of NORs
have not been reported. Generally speaking, rDNA
content and silver staining intensity are closely cor-
related (Warburton and Henderson, 1979). This
size-difference could have resulted from unequal
crossing during meiotic division or from a duplica-
tion of rDNA. Similar intraspecific heteromorphism
in NOR-size has been reported in other fishes
(Howell and Black, 1979; Foresti et al., 1981; Gold,
1984; Ueda et al., 1985; Takai and Ojima, 1986). We
have also observed size-differences in Ag-NORs in
the rainbow trout Oncorhynchus mykiss (=Salmo
gairdneri), such differences being in accord with
Mendelian inheritance (unpublished). Should such
polymorphisms be regular, they might be useful as
markers in biotechnological research, but more in-
vestigation is required to confirm this.

To date, individual polymorphisms of Ag-NORs;
LL-LS, LL-LL, LL-SS, and LS-SS-type, have been
found. A similar heteromorphic pair of chromo-
somes has been reported in the lake trout Salvelinus
namaycush and has been discussed as possible sex
chromosomes (Phillips and Ihssen, 1985). In addi-

tion, the existence of possible heteromorphic sex
chromosomes in the rainbow trout (Thorgaard,
1977; Ueda and Ojima, 1984 a), sockeye salmon
Oncorhynchus nerka (Thorgaard, 1978), and kok-
anee Oncorhynchus nerka (Ueda and Ojima, 1984c)
has been reported. Makino (1932) and Galgano
(1938) believed that, inasmuch as teleosts occupied a
rather low position on the evolutionary ladder, the
degree of difference between their sex chromosomes
and autosomes was negligible. Future detailed
chromosome analyses of salmonid fishes may bring
new information that will permit a more complete
view of sex chromosome differentiation.
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7S ANEX L 3 0 ITORFHHARE
LHER - #BREZ - IMW{CE
7 5 AABEA Y 3 032 Salvelinus malma O C- B XU Ag-7¥
v FRBITEIT > 72, REBAKIE n=82T, MBXUSM 4
afkns 16 &, A Gethffhs 66 ATH » 12, BFAS L L OERKD
WRIERIC C-y v FIBGYE R D, 2 KD A REAOHRTIEEGSH 5
Wik E AR CEE Fc L s THE UL EHEES LS L XD
AR A GBlk, BIUOBRAMEICKEE Gy FBgte -
I X DARK A et (kA Sh iz, Ag-NORs (32 F M 4efafk
DRI L7, T O M BtafEhiRIE Th 5 AR S
h, WAoot sEZ ont. 1, EERIC Ag-cv B
DRKESOBRMHED SN, JLliEEs Y s 032 LD
BBV T, KELCY FEFORBADIES XU Ag-/Y
v FOALER EICAHESEYD SN, B X UHOBb Y b
WEsNT.

CRID e /BK: 321 FESSTIENT 350 FEEKFHE T
WAPEEE, BH: 321-02 FABES 1194 T4
FFR)
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