Jour. Agri. Sci., Tokyo Univ. of Agric., 46 (2), 114-123 (2001)
0ooooooo, 46 (2), 114-123 (2001)

Jotdbotdbotdotdododotdot
Jooooon

gooo*-0oogo*=*-0o0o0o*-0o00gx

(00 1380 20 13000/00 13060 14000)

OO0 :00, DoDDoODOODOOOOOOOOOO (Salverinus malma), OO OO (S. leucomaenis) OO0
0000000000 S.Lmbriws) 020 1000000000, OOO0O0OO0OOCOOOOOO (S
malmamalma) O00000000 (Som. mivaber) 0 20000, 0000000000000 O0O0OO
00, O00000 (000 :000007 (S.Lf. leucomaenis), 0000000 [000O :0007 (S.Lf
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O00000000000000000 (Salvelinus
malma), 0000 (Salvelinus leucomaenis) 00000
000000gg (Salvelinus leucomaenis imbrius) O 2
010000000000 (19%) O, Do0oooooo
00000 (Salvelinus malmamalma) 00000000
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0000000000000000000 (Salvelinus
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0000000000 15ecmO0000000 (3X5mm)
0ooo0oO0oooog, 1,200V, 4aWODOOOODOO 40
0, 000000-00000000000,

® 00000000 (Cell X) O
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000000000005/ 00000, 00000
I5mA0O00000 200000,

000o01% (W/V) 000-00000000—R,
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0000, 000 20% (Vv/Vv) 0DoOoO -0, 7% (V/V) O
oooooooodd,

@ 0000000 (Mw O
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000,

gooog, —20C00000000o00ooooooo
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Fig. 1 Electrophoretic patterns and nomenclature of
serum transferrin (Tf) type and serum esterase
(Es) type in charr fish, genus Salvelinus (by
H-PAGE method)

Remarks ; Tf type was composed of five bands
(D, F, H, J and L). Es types were classified into 3
loci (Es-I, Es-II and FEs-III). Number in the
brackets is examined specimens in all colle-
ctions. Each set of band patterns was represent-
ative of each locus.
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Fig. 2 Schematic electrophoretic patterns of serum
transferrin (Tf) type and serum Esterase (Es)
type in charr fish, genus Salvelinus (by H-PAGE
method)

Remarks ; Tf type was composed of five bands
(D, F, H, J and L). Es types were classified into 3
loci (Es-I, Es-II and Es-III). Each set of band
patterns was basic and representative of bands
in each locus.
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Table 3 Apperance frequency of esterase (Es) types

Es-1
Species D, DD, D, -
S. malma (125) 0 0 0 1.000 (125)
S. leucomaenis :sea-run type (29) 0.104 (3 0.655 (19) 0.241 (7D 0
S. leucomaenis :stream-resident type (12) 0.083 (1) 0.250 (3) 0.667 (8 0
S. leucomaenis f. pluvius (6) 0.167 (1) 0.333 (2) 0.500 (3) 0
Average(172) 0.029 (5) 0.140 (24) 0.105 (18) 0.726 (125)

() : Number of specimens examined in all collections.

Table 4 Apperance frequency of esterase-I (Es-I) types among places of catch in Hokkaido

(Salvelinus leucomaenis)

Es-1
Place of catch D, D,D, D, -
Rishiri + Rebun islands (22) 0.090 (2) 0.455 (10) 0.455 (10) 0
Abashiri (12) 0.167 (2) 0.750 (9) 0.083 (1) 0
Nemuro (7) 0 0.571 @ 0.429 (3 0
Aomori (6) X 0.167 (1) 0.333 (2 0.500 (3) 0
Average(47) 0.106 (5) 0.532 (25) 0.362 (17) 0
() : Number of specimens examined in all collections. ¥Aomori prefecuture.
Table 5 Apperance frequency of esterase-II (Es-II) types
Es-1I
Species A AB B -
S. malma (125) 0.336 (42) 0.040 (5) 0.080 (10) 0.544 (68)
S. leucomaenis :sea-run type (29) 0 0 0 1.000 (29)
S. leucomaenis :stream-resident type (12) 0 0 0 1.000 (12)
S. leucomaenis f. pluvius (6) 0 0 0 1.000 (6)
Average(172) 0.244 (42) 0.029 (5) 0.058 (10) 0.669 (115)

() : Number of specimens examined in all collections.

Table 6 Apperance frequency of esterase-II (Es-II) types among places of catch in Hokkaido

(Salvelinus malma)

Es-1I
Place of catch A AB B -
Siretoko (57) 0.438 (25) 0.035 (2) 0.018 (1 0.509 (29)
Abashiri (20) 0.050 (1) 0.100 (2) 0.150 (3 0.700 (14)
Nemuro (15) 0.333 (5 0 0 0.667 (10)
Tokachi (19) 0.105 (2) 0 0.158 (3 0.737 (14)
Kamikawa (14) 0.643 (9) 0.071 (1) 0.214 (3) 0.072 (1)
Average(125) 0.336 (42) 0.040 (5) 0.080 (10) 0.544 (68)

() : Number of specimens examined in all collections.
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0ADD00BOOOOO, 00000000000 AB
O000BOOODO4O00000 0293000 0.7070
oo (09,00, 0000000000000 BOO
000000, 00000000000 (0 10,0000
0000000000000 ADO000O, 300000
OO0 AODOOO%ODOD000 1.000, 09520 00
roooooog (@ 9,
Hb-IOOODO, DOO0O0OD (0DOO0O0O0O, D00
0, 000000000000000) 00000000
000000 FODOOODOO, 00 No. 25 (000 : 0
000) 01000000000 S000000, 000
000000, 000000000 FOODDO FSOOO
04000000 0952000 00480000 (O 9o
IEFOOODODDODODOOOHb-1O0D0D00O0 o000,
Jd0d00000O0ooo (SGE) o®ooooooo
0000D00000D000000O0, 00 00000
OO0 HbOOO (OODODO :1975) 00, 00000000
0000000000, IEFOO0 Hb-10000000

+
A
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Fig. 3 Electrophoretic patterns of Hemoglobin (Hb)
type in charr fish, genus Salvelinus (by IEF)
Remarks ; Hb-I type was classified into 3 types
(A, AB and B). Hb-II type was composed of 2
banes (F and S).

0000, 00 Hb-IOODOO, 000000 (0000
000) DooDOOooooooo (@©oo), oooo,
SGEOODOO0ODOO0DO0OO0DOO0O0O0D-0000000
00000, 00000000000000000000
0000000000d,

3. CellXOOOO

Cell XOOOOOO, SDS-PAGEODDODODODOD
00000000 17200Da0 00 HbOOOODODOOO
OcCell XOOOO, D0O0O0DOO0OODOOOOOODO
0ADDDOBOOOODOO (@D 4,

Cel XOOO, OO0OOOO, 0DO0OODOODO0ODODODO
0000000 20000000 (ADOOB) 0000
000, 000000000 BOOOOOOOOOOO,
00, ooo0ooooooooooooooog, 0o
00, oo0o0o0o0ooooooooooooooooo
0000 BOOOO#EOO000O, 0DD0O0O 0.848, 0.892,
1000000 06670000 (O 11,

Cel XOOO, 0O0O0O0OO0OO0OOOO0ODOODOODOOOO
O%00000, D0 TfO000 EsODO0ODOODO
0O, 000, 00000000000000000000
00000000000000000 ADDOO0DOOO0
ooooooooooooooo (@12, 13).

4, 00ODOODOODOODOOO0

oooooooo Mw 000000, 0000 42,400
kDal 66267kDa0 000000000000, OO0
000000000 MuOODOOOOOO ADDDO BO
ooooooo @ 4.

MuOOO, 000000000D20000000
(ADDDBOOD) OO0 ADODODOOOOOOO, A
0000400 10000000, 000000000 BO
0000000, BOOOO4EODDOO00O 1.000, 0.952
0001000000 (O 14),

00, MuOOOOOOO, O0DD000O000000

Table 9 Apperance frequency of hemoglobin (Hb) types

Hb-1 Hb-1
Species A AB B F FS S
S. malma (150) 0 0.293 (44) 0.707 (106) 1.000 (150) 0 0
S. leucomaenis :sea-run type (21) 1.000 (21) 0 0 0.952 (20) 0.048 (1) 0
S. leucomaenis :stream-resident type (21) 0.952 (20) 0 0.048 (1) 1.000 (21) 0 0
S. leucomaenis f. pluvius (6) 1.000 (6) 0 0 1.000  (8) 0 0
Average(198) 0.238 (47) 0.222 (44) 0.540 (107) 0.995 (197) 0.005 (1) 0
() : Number of specimens examined in all collections.
Table 10 Apperance frequency of hemoglobin (Hb) types among places of catch in Hokkaido (Salvelinus malma)
Hb-1 Hb-1I
Place of catch A AB B F FS S
Siretoko (74) 0 0.365 27) 0.635 (47) 1.000 (74) 0 0
Abashiri (28) 0 0.250 (7) 0.750 (21) 1.000 (28) 0 0
Nemuro (15) 0 0.533 (8) 0.467 (7) 1.000 (15) 0 0
Tokachi (19) 0 0.105 (2) 0.895 (17) 1.000 (19) 0 0
Kamikawa (14) 0 0 1.000 (14) 1.000 (14) 0 0
Average (150) 0 0.293 (44) 0.707 (106) 1.000 (150) 0 0

() : Number of specimens examined in all collections.
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@®Polymorphic domain of Cell X type.
@Polymorphic domain of Mu type.

Fig. 4 Electrophoretic patterns of blood cell mem-
brane protein (Cell X) type and muscular protein
(Mu) type in charr fish, genus Salvelinus (by 15%
SDS-PAGE)
Remarks ; Mu type was classified into 3 types (A,
AB and B). Cell X type was classified into 3
types (A, AB and B).

odde
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ooo0O ABODOOOO, OO, DOOOOOCOOOOOO
oooooooooooooooooooooooond
goooooooooooooooooooog, oog
oooooog, ooooooooooooooogog
0 (@oos

Table 11 Apperance frequency of blood cell protein (Cell X) types

Cell X
Species A AB B
S. malma (145) 0.055 (8) 0.097 (14) 0.848 (123)
S. leucomaenis :sea-run type (37) 0.054 (2) 0.054 (2) 0.892 (33)
S. leucomaenis :stream-resident type (21) 0 0 1.000 (21)
S. leucomaenis f. pluvius (6) 0 0.333 (2) 0.667 (4
Average(209) 0.048 (10) 0.086 (18) 0.866 (181)

() : Number of specimens examined in all collections.

Table 12 Apperance frequency of blood cell protein (Cell X) types among places of

catch in Hokkaido (Salvelinus malma)

Cell X
Place of catch A AB B
Siretoko (69) 0.116 (8 0.145 (10) 0.739 (51)
Abashiri (28) 0 0.107 (3) 0.893 (25)
Nemuro (15) 0 0 1.000 (15)
Tokachi (19) 0 0 1.000 (19)
Kamikawa (14) 0 0.071 (1) 0.929 (13)
Average (145) 0.055 (8) 0.097 (14) 0.848 (123)

() : Number of specimens examined in all collections.

Table 13 Apperance frequency of blood cell protein (Cell X) types among places of
catch in Hokkaido (Salvelinus leucomaenis)

Cell X
Place of catch A AB B
Rishiri * Rebun islands (22) 0 0 1.000 (22)
Abashiri (27) 0.074 (2 0.074 (2) 0.852 (23)
Nemuro (7) 0 0 1.000 (7)
Aomori (6) X 0 0.033 (2) 0.667 (4)
Average (62) 0.032 (2) 0.065 (4) 0.903 (56)

() : Number of specimens examined in all collections. ¥Aomori prefecuture.
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Table 14 Apperance frequency of muscular protein (Mu) types
Mu

Species A AB B
S. malma (145) 1.000 (145) 0 0
S. leucomaenis :sea-run type (37) 0 0 1.000 (37)
S. leucomaenis :stream-resident type (21) 0 0.048 (1) 0.952 (20)
S. leucomaenis f. pluvius (6) 0 0 1.000 (6)
Average(209) 0.694 (145) 0.005 (1) 0.301 (63)
() : Number of specimens examined in all collections.
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Fishes in the Genus Salvelinus.
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Summary : The classification of Salvelinus in Japan has been controversial and has not been estab-
lished. According to one theory, Salvelinus is classified into two species (S. malma and S. leucomaenis)
and 1 subspecies (S. leucomaenis imbrius). According to another theory, S. malma is classified into two
subspecies (S. malma malma and S.m. miyabei), and S. leucomaenis, together with Salvelinus L. f. pluvius,
S.l f. japonica, and S.L f. imbrius. There is no established classification of Salvelinus according to
morphological characteristics in Japan.

To develop new biochemical markers in addition to isozymes and mt-DNA and genomic DNA
polymorphism, the detection methods of which have already been established, we examined polymor-
phic loci of blood proteins and muscular proteins using Salvelinus caught in Hokkaido.

1) Examination of blood protein types

In Salvelinus, the serum transferrin (Tf) type, serum esterase (Es) type, hemoglobin (Hb) type, and
blood cell membrane protein (Cell X) type were examined. Concerning the Tf type [basic bands ; D, F,
H, L ; inapparent type ()], the F type among 9 phenotypes was a characteristic phenotype in S. malma
(incidence, 0.712) while the J type was a characteristic phenotype in S. leucomaenis (incidence, 0.917).
Among the 3 domains of the Es type, the Es-II domain [basic bands ; A, B ; inapparent type (-)] and the
Es-III domain [basic bands ; F, I, S ; inapprent type (-)] were characteristic of S. leucomaenis. Concern-
ing the Hb type, there were two domains (I and II), and polymorphism was observed in the I domain
(basic bands ; A and B). The incidence of A was high in S. leucomaenis, and that of B incidence was
high in S. malma. The Cell X type (basic bands ; A and B) did not differ among the species but could
be classified into 3 phenotypes. The appearance frequencies among local populations differed in S.
malma, Tf type, Es type (II and III domain), Hb-I type and Cell X type, and in S. leucomaenis, Es-1
domain.

2) Examination of the muscular protein (Mu) type

In Salvelinus, concerning the Mu type (basic bands A and B), the incidence of the A type was high
in S. malma, and that of the B type was high in S. leucomaenis.

Thus, there were differences according to the Tf type, Es type (I, I and III domains), Hb-I domain,
and the Mu type that allow classification into two groups (S. malma and S. leucomaenis). The same as
for isozymes and mt-DNA, a locus deteciton method that can clarify inter- and intra-species difference
was established.

3) Confirmation of inter-species hybrids

In a S. leucomaenis individual collected in Murii River, Tf and Mu phenotypes that appear to be
heterotypes of S. malma and S. leucomaenis were detected. This individual was S. leucomaenis by
appearance, showing no characteristics of S. malma, and therefore, may have resulted from crossing
between S. malma and S. leucomaenis.
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