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Inter- and Intraspecific Variations of Muscle Proteins in the
Japanese Crucian Carp—I.

Cellulose-acetate Electrophoretic Pattern
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Abstract Muscle proteins of the Japanese crucian carp were analized by the cellulose-acetate
electrophoresis. The muscle protein patterns usually composed of four components were divided
into three types by the percentage of each component to total amount of protein. Type I, having
more than 209, component 1, is represented by two forms, Kinbuna, Carassius buergeri buergeri
and Nigorobuna, Carassius buergeri grandoculis. This type is also divided into three subtypes, A,
AB, and B, by three phenotypic protein patterns controlled by two codominant alleles. A remark-
able difference between Kinbuna and Nigorobuna was found in the occurrence of Type 1B, which
is dominant in Kinbuna, not in Nigorobuna. Type Il characterized by having more than 70%
component 2 is represented by ‘“Ginbuna,” Carassius langsdorfii. Type 111 possessing components
2 and 3, each of which is nearly equal and about 40/, is represented by ‘‘Gengorobuna,” Carassius
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cuvieri.
of the crucian carp.

Introduction

The speciation and evolution of the crucian
carp widely distributed in the fresh water of
Japan are interesting, since the fish shows
marked variation in relation to differences in
the environmental conditions, and with geo-
graphical isolation.

Temminck and Schlegel (1842) classified the
Japanese crucian carp into four species,
Carassius buergeri, Carassius grandoculis, Cara-
ssius langsdorfii, and Crassius cuvieri, the
common Japanese name of which are Kinbuna,
Nigorobuna, Ginbuna, and Gengorobuna re-
spectively. Okada and Nakamura (1948) dis-
tinguished the crucian carp collected in Jo-
numa into three forms, Kinbuna, Ginbuna, and
Gengorobuna by the coloration of the body
and fins, and some meristic characters such as
the dorsal fin rays. gillrakers, lateral line
scales, and vertebrae. By examining the
differentiation of the pattern of intestine of
the Japanese crucian carp, Kafuku (1952)
concluded the coiling and size of this organ
are relevant to the speciation of this group.

The muscle protein electrophoretic patterns are proved to be useful to trace the speciation

Tomoda (1960) also studied the fish from the
Lake Biwa, and recognized three forms, Gin-
buna(Hiwara), Nigorobuna, and Gengorobuna
based on the differences of gill rakers. body
depth, mouth form, pharyngeal teeth, air-
bladder, and pneumatic duct. Those mor-
phological studies of this group clarified the
status of the sympatric speciation of the
Japanese crucian carp. Recently, Nakamura
(1963, 1969) added Kinbuna (emended) Caras-
sius auratus subsp., which is mainly distributed
in northern Japan including Kanto district.
It is said that the form is separable from the
allied form, Temminck and Schlegel’'s Caras-
sius buergeri newly named ‘“Nagabuna™ in
Japanese by Nakamura, and ranged in south-
western Japan in having fewer soft rays and
shorter base of dorsal fin.

In order to make up the genetical relation-
ship of those forms, the fish of this genus has
also been investigated from karyological and
biochemical point of view. Kobayashi (1970)
obtained an interesting information that the
karyotype of Ginbuna in the Lake Kasumiga-
ura is triploid or tetraploid. Amano et al.

— 217 —



BRHEE

Table 1.

Japan. J. Ichthyol. 19 (4)

December 25, 1972

Locality, date, number of specimens, body length, number of dorsal fin rays, and gill-

rakers of the Japanese crucian carps examined.

No. of specimens Body

; ; Dorsal Gill-
Species name Localit Date - length
p Y & @ unknown in r%lm fin rays  rakers
Lake
Kasumigaura Dec. 69 7 6 0 65-135 12-14 32-38
C. buergeri buergeri River
(Kinbuna) Monobe Nov. ’69 4 5 1 96-123 14-16 35-43
River
Shimanto Sep. 70 3 5 5 90-170 14-17 37-50
C. buergeri grandoculis . s
(Nigorobuna) Lake Biwa June 70 23 32 0 113-223 14-19 55-75
Lake
Kasumigaura Dec. ’69 0 8 0 77-168 16-19 45-50
C. langsdorfii Lake Biwa Oct. 69 0 9 0 108-184 16-18 43-51
(Ginbuna) Mar. *70 0 9 0 120-139  15-17  43-47
R. Monobe Dec. ’69 0 24 0 74-161 16-19 42-50
R. Shimanto Sept. 70 0 6 3 94-171 16-20 45-54
C. cuvieri Lake Biwa Nov. '69 4 3 0 145-195 16-20  106-126
(Gengorobuna) June 70 27 0 139-275 1617  104-124

(1971) analyzed the hemoglobin of three forms
of this group by the starch-gel electrophoretic
method, and concluded that Kinbuna and
Ginbuna are very closely related to each other,
but Gengorobuna is distant from other two
forms.

The present study aimed to analized geneti-
cally both intra- and interspecific speciation of
the Japanese crucian carp, sympatric or al-
lopatric, by using the cellulose-acetate electro-
phoresis of muscle proteins.

Materials and method

The data of samples examined in this study,
localities, dates of capture, body length, the
number of dorsal fin rays and gillrakers were
shown in Table 1. Even now, there are some
confusions among taxonomists in identifying
the species of the Japanese crucian carp. The
present report followed the classification made
by Matsubara and Ochiai (1965 : 531-536) as
follows: Kinbuna, Carassius buergeri burgeri
Temminck and Schlegel; Nigorobuna, Caras-
sius buergeri grandoculis Temminck and Schle-
gel: Ginbuna, Carassius langsdorfii Temminck
and Schlegel; Gengorobuna, Carassius cuvieri
Temminck and Schlegel. The samples of

Kinbuna collected from the Rivers of Monobe
and Shimanto, Kochi Pref., seem possibly to
be Nagabuna reported by Nakamura (1963).
As already pointed out by him, the morpho-
logical and ecological characteristics of Naga-
buna are still far from being satisfactorily
understood. The specimens from Pref. Kochi
here treated as Kinbuna along with those from
the Lake Kasumigaura.

The samples were frozen immediately after
catch, carried to the laboratory by packing
with dry ice in ice box, and stored in a deep
freezer at —20°C for the test.

The procedures of extraction of muscle
proteins and cellulose-acetate electrophoresis
were principally the same as those described
in the previous report (Taniguchi, 1969). A
small quantity of muscle, usually 3 g, cut off
from a part of the trunk below the dorsal fin
was homogenized by a glass mortar at the room
temperature, with twice amount of Veronal
buffer solution of pH 8.6 with ©=0.05 con-
taining 509, of glycerol. The homogenates
were centrifuged for 15 min. at 12,000 G.
shortely after homogenization. The electro-
phoresis was carried out for 1.5hours with
current of 0.5 mA per 1 cm width of cellulose
acetate sheet (Ceparax) made by Fuji Shashin
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Co. Ltd. The muscle protein was stained with
Ponceau 3R. After destaining and drying, the
sheet of cellulose-acetate was made transparent
with the liquid paraffin and scanned with a
densitometer. The densitometric patterns were
analyzed for the quantitative and qualitative
comparison of muscle protein components.

Results

The patterns of muscle proteins of 157
specimens of crucian carp were classified into
three groups, types I, II, and III on the basis
of the percentage and mobility of those com-
ponents. Three subgroups were discriminated
in Type I, based on the differences of mobility
and percentage in amount of each component
in electrophoretic patterns of muscle proteins
(Figs. 1, 2). There are four components here
designated 1, 2, 3, and 4 by their positions
from the cathodal side to anodal side.

Type I has component 1, amount of which
is much higher than that of other types, and
ranged from 20 to 519, (Table 2). The
percentage of two components 243, is some-
what lower than that of other types, usually
less than 709%,. All of the specimens belonging
to Kinbuna and Nigorobuna are included in
Type I. This type is further divided into
three subtypes, types IA, IAB, and IB by the
percentages of component 2 and 3. In Type
IA, component 2 is higher than 509%;, but
component 3 is not present entirely. Type IB,
however, is characterized by possessing com-
ponent 2 usually less than 20 % and component
3 more than 359%. 1In Type IAB, the percen-
tages of both components are intermediate
between those two subtypes. All specimens
of Kinbuna taken from the Lake Kasumigaura
and River Monobe belong to Type IB. Of the
13 specimens of Kinbuna from the River Shi-
manto, three subtypes, A, AB, and B were
found in the ratio 1:6:6. As the Kinbuna
is a diploid species (Kobayashi, 1970), the
expected ratio of those three subtypes
controlled by two codominant alleles on a
gene is calculated as 1.23:5.54:6.23. The

Fig. 1. The cellulose acetate electrophoretic pat-
tern of muscle proteins of the crucian carp.
The arrow shows the origin. A: the patterns
of three forms. a. Carassius buergeri buergeri
(Kinbuna), b. Carassius langsdorfii (Ginbuna),
c. Carassius cuvieri (Gengorobuna). B: the
variation found in Carassius buergeri grando-
culis (Nigorobuna). a. Type 1-AB, b. Type
I-A, c. type I-B.

difference in observed and expected values is
not significant. Nigorobuna examined in this
study has three subtypes, the ratio of which is
as follows: A: AB:B=19:22:14. The dif-
ference between observed and expected values
(16.33: 27.28: 11.36) is not significant statisti-
cally (y*=2.05, 0.25>P>0.10).
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Table 2. Percentage distributions in amount of muscle protein components of the Japanese crucian
carp. The mean value is followed by range in parantheses.

Name of Locali Number Type Muscle protein component( %)
species ocality of of " 5 3
specimens pattern 4 243
Lake
Kasumigaura 13 I-B  40.5(32-51)  8.5(5-12) 42.0(3248) 8.9(6-12)  50.4(42-57)
Kinbuna River Monobe 10 I-B  32.1(29-35) 9.8(6-14) 47.7(44-51) 10.3(9-13)  57.4(55-62)
River Shimanto 1 I-A 23.2 67.2 9.6 67.2
6 I-AB 30.8(28-33) 40.9(35-49) 23.3(14-26) S5.1(3-7) 64.1(49-75)
6 I-B  37.7(20-46)  7.7(3-19)  47.6(44-51)  6.3(3-10)  55.2(47-70)
19 I-A  29.0(27-33) 57.1(52-65) 13.9(8-20)  57.1(52-65)
Nigorobuna Lake Biwa 22 I-AB 30.2(22-36) 34.9(31-38) 25.6(21-32) 9.4(6-13)  60.4(54-66)
14 I-B  27.3(21-40) 19.1(10-23) 41.2(35-48) 12.4(9-18)  60.3(50-63)
Lake
Kasumigaura 8 11 10.4(12-15) 78.2(74-83) 11.4(5-20)  78.2(74-83)
Ginbuna Lake Biwa 9 11 14.0(7-20)  72.3(70-78) 13.7(10-16) 72.3(70-78)
River Monobe 24 11 10.3(8-15)  74.0(71-76) 15.7(10-21) 74.0(71-76)
River Shimanto 9 11 9.8(7-14)  79.8(77-82) 10.4(6-16)  79.8(77-82)
Gengorobuna Lake Biwa 16 111 10.7(6-14)  37.8(30-49) 38.9(25-48) 12.6(7-16)  76.7(71-83)

Type Il is distinguishable from Type I in
component I, the percentage of which is less
than 20. The large amounts of component 2
in type Il (70 to 80% in amount) may suggest
that the component consists of two component
2 and 3. All of specimens of Ginbuna col-
lected from Lake Kasumigaura, Lake Biwa,
the Rivers of Monobe, and Shimanto were
classified into type II. There are no significant

Type I-A

:

Type 1-AB

__E[
T

e 18 differences on the percentages of each com-

— ponent among four different localities as given
T I in Table 2.

Type 111 possesses components 2 and 3, each

Type II of which about 40 in percentage. This type

resembles to Type IAB, in general. except for
lower percentage of component 1. All ex-
amples of Gengorobuna from Lake Biwa
belonged to this type.

il

2

Type 111

+ - + - Discussion
Fig. 2. Thedensitometric pattern (right side) and the .
schematic figure (left side) of the cellulose-acetate Four forms of the Japanese crucian carp,
electrophoresis of muscle proteins for the crucian Kinbuna, Ginbuna, Nigorobuna and Gengoro-
carp. The arrow shows the origin. The type 1 buna, inhabiting the Lake Kasumigaura and
including three subtypes is represented by Ca- Lake Biwa were identified in this study by the

rassius buergeri bue.‘rger'i (Kinbuna) and Carassius number of gillrakers and dorsal fin-rays as
buergeri grandoculis (Nigorobuna), the type 1l by

Carassius langsdorfii (Ginbuna), and the type I1I given Table 1. .Tho.se d'lagnoses‘ were not
by Carassius cuvieri (Gengorobuna). adequate for the identification of Kinbuna and
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Ginbuna from two rivers of Kochi Pref. The
numbers of fin-rays and gillrakers of these two
were more or less overlapped each other (Table
1). Coloration of the body, pectoral and
pelvic fins is only useful character to separate
them, though it is variable correlating to the
environmental differences. The results ob-
tained here, therefore, give important instru-
ment for the taxonomy, genetics, and speciation
of this group. The muscle protein pattern
ought to be used for the identification for
prevention of error.

Tomoda (1962) stated that Nigorobuna liv-
ing endemically in the Lake Biwa alone is
nearer in relationship to Kinbuna than Gin-
buna or Gengorobuna, deriving from Kinbuna
widely distributed in Japan. This opinion
obtained from morphological analysis is well
supported by the present results that both
forms belong to Type | of muscle protein
pattern.

Of the fishes of Type I, Kinbuna from the
Lake Kasumigaura is slightly different from
Kinbuna of the Rivers Monobe and Shimanto
showing a higher percentage of component L.
This minor difference suggests the intraspecific
divergence of Kinbuna as already stated by
Nakamura (1963, 1969).
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