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Cobitis sinensis — longicorpus complex were commonly found in the upper stream of the

Nakdong River in Korea and consisted of mostly with diploid and triploid karyotype forms. Among

them, the triploid females of C. sinensis — longicorpus were artificially crossed with diploid males

from C. sinensis and diploid males from C. longicorpus, respectively. The progenies from each

cross produced the diploid individuals that possessed the paternal characters in their karyotypes

and their body color patterns. Based on this results, we can assume that the triploid females, C.

sinensis — longicorpus have a peculiar reproductive mode eliminating an uneven genome by the

primary meiotic division and then producing a haploid ovum by secondary meiosis.

Introduction

Approximately 50 unisexual “species” of ver-
tebrates have been recognized during the past
half century (Vrizenhoek, 1989). Generally, uni-
sexual species reported had four characteristics
as follows : first, they are of interspecific
hybrid origin ; second, they are exclusively
female or nearly so ; thirdly, they reproduce by
means of aberrant gametogenetic mechanism
(meiotic or premeiotic) that inhibits genetic
recombination and causes clonal inheritance ;
and fourthly, they often include polyploids
(Dawley, 1989). The genus Cobitis is divided
into 9 species in Korea of which 5 are endemic
in Korea. In the Nakdong drainage of Korea,
the hybrid complex populations between C.

sinensis and C. longicorpus were commonly

found (Kim and Lee, 1990). These hybrid com-
plex were mostly females with both diploidy
and triploidy in the karyotypes and were recog-
nized as unisexual lineage originated from
hybrid between C. sinensis and C. longicorpus
(Kim and Lee, 1990).

In order to examine the reproductive mode of
this hybrid complex, triploid females of the
complex were artificially crossed with diploid
males from C. sinensis or from C. longicorpus,
respectively. Here we report the results of kary-
otypes and body color patterns in the parental
hybrid species and their progenies focusing on
the reproductive mode of the triploid females.

Materials and Methods

Cobitis sinensis, C. longicorpus and triploid
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Table 1. Sex ratio of C. sinensis, C. longicorpus and C. sinensis - longicorpus complex collected from
Namwon - gun, Chollabuk - do, Korea in 1992 — 1993.
C. sinensis C. longicorpus C. sinensis - longicorpus
Date

female male female male female male
Apr. 17, 1992 33 37 16 22 58 1
May 8, 1992 69 42 106 86 202 1
Jun. 9, 1992 14 17 15 4 37 1
Jul. 9, 1992 - - - - 3 -
Aug. 7, 1992 3 2 4 3 7 -
May 9, 1993 12 13 7 9 20 2
Jun. 6, 1993 16 23 50 25 61 4
Total number %) 281(27.4) 347(33.9) 397(39.2)
Ratios of females (%) 52.3 57.1 97.7

Table 2. Frequencies of diploid and triploid
forms of C. sinensis - longicorpus collect-
ed from Dong - myon, Namwon - gun,
Chollabuk - do, Korea in 1992 - 1993.

. No. of females
Species

sampled
C. sinensis — longicorpus
diploid form g1
triploid form 141

of C. sinensis —longicorpus used in this experi-
ment were collected by seines or electrofishing
from the upper stream of the Nakdong River at
the Namwon - gun (35°13'N, 128°27 E) Chol-
labuk - do, from April in 1992 to June in 1993
(Table 1 and 2). Female triploid C. sinensis -
longicorpus was artificially fertilized with the
male of the bisexual species, C. sinensis or C.
longicorpus. In each breeding experiment, ripe
eggs obtained from a female injected with
human chorionic gonadotropin were divided
into two groups and then fertilized with sperm
from C. sinensis and C. longicorpus respective-
ly diluted nearly 100 fold with the Ringer's
solution according to Suzuki(1957). Fry hat-
ched from each crossing were separately kept
in filtered and aerated glass aquaria at about
18 -207C. Fry were at first fed with rotifers

and brine shrimps (larvae of Artemia nauplius)

and later commercial feed, Tetra bits (Tetra
Co.). Color patterns and chromosome number
of the progenies were examined following Kim
and Lee (1990). Classification of chromosome
was followed Levan et al. (1964).

Results

Early development : Table 3 shows the fer-
tilization, hatching and early survival rate
observed in each crossing. The crossing
between the female triploid of C. sinensis -
longicorpus and the male from C. sinensis or C.
longicorpus was mostly successful, and the lar-
vae showed no difficulty in developing
periods ; they grew well into the same size as
those of purebred C. sinensis or C. longicorpus.
More than 88% of them were survived in the
early developmental stages.

Color pattern : Triploid female, Cobitis sin-
ensis — longicorpus showed a peculiar cloudy
color patterns on the upper part of the body
sides. However, the color patterns of the middle
part on the body sides consisted of mixed forms
with rectangular and vertical bands. The band
patterns of progenies from the crossing with C.
sinensis male were similar to those of C. sinen-

sis. On the other hand, the progeny from the
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Table 3. Rates of fertilization, hatching, abnormality, early survival of experimental groups.

Crosses Fertilization Hatching Abncrmality  Early survival*
female male rate(%) rate(%) rate(%) rate(%)

C. sinensis — X C. sinensis 90.7 88.2 4.5 88.4

longicorpus

(triploid, n="7)x C. longicorpus 93.9 91.2 3.0 89.3

* From hatching to 6 days
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Fig.1. Color patterns of progenies obtained from laboratory breeding experiments and their parents.
: Cobitis sinensis - longicorpus( %), 99.5mm SL

: Cobitis sinensis( $), 99.0mm SL

: Cobitis longicorpus( $), 118.9mm SL

: Cobitis sinensis - longicorpus( ¥, triploid) x C. sinensis ($), 98.5mm SL

: Cobitis sinensis - longicorpus( %, triploid) x C. longicorpus($), 111.9mm SL.
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Table 4. Phenotypes and karyotypes of progenies obtained from laboratory breeding experiments.

Crosses No. of No. of No. of
specimens phenctype* modal
female male examined chromosome
C. sinensis — X C. sinensis 16 S 48
longicorpus
(triploid, n=17) x C. longicorpus 11 SL 49

* 8 type : color patterns resembling C. sinensis ;

SL (diploidy) type : color patterns resembling wild triploidy C. sinensis - longicorpus.

Table 5. Frequency distributions of diploid chromosome counts of progenies from laboratory breeding
experiments. The numbers in parentheses indicate percentage.

Crosses No. of chromosome
female male 44 45 46 47 48 49 50 51
C. sinensis - X C. sinensis 9 10 8 85 214 36 28
longicorpus (2.3) (2.6) 2.1 (21.8) (54.9) (9.2) (7.2)
(triploid, n=7)x  C. longicorpus - 6 11 55 58 134 27 1
(2.1) (3.8) (18.8) (19.9) (45.9) (9.2) (2.8)

cross C. sinensis — longicorpus triploid female X
C. longicorpus male consisted of the peculiar
cloudy patterns in the upper parts of the body
and the thick vertical bands in the middle of
the body which was typical characteristics of
the parental species, C. longicorpus(Fig. 1).
Karyotype : In triploid C. sinensis - longico-
rpus, somatic chromosome number was 3n="73
composed of 28 meta — submetacentrics and 45
subtelo - telocentric chromosomes. When the
females of triploidy, C. sinensis —longicorpus
were crossed to the male C. sinensis, the chro-
mosome number of the progenies was 2n=48,
composed of 18 meta ~ submetacentrics and 30
subtelo — telocentric chromosomes (Table 4, 5
and Fig. 2A). In the crossing with the male C.
longicorpus, the chromosome number of the
progenies have 2n=49, composed of 19 meta -
submetacentric and 30 subtelo - telocentric
chromosome (Table 4, 5 and Fig. 2B). And the
diploid - triploid mosaicism was not cbserved
in the all experimental groups. This result sug-
gests that the karyotypes of progenies include
one haploid genome of female and one haploid

genome of male.

Discussion

Among the vertebrates, viable triploids are
very rare in nature and with few exceptions.
They have been found only in certain unisexual
forms among the fishes (Schultz, 1971). The
triploid from the wild C. sinensis — longicorpus
reported here is presumed to be unisexual lin-
eage originating from hybrid between C. sinen-
sis and C. longicorpus (Kim and Lee, 1990). In
the present study the triploid females were
artificially mated with males from the related
sympatric bisexual species, C. sinensis or C.
longicorpus. From the breeding experiment,
color patterns of F1 progenies showed the
paternal characteristics. These results clearly
suggest that their offsprings might be produced
through the fusion of the egg nucleus and the
sperm nucleus. Karyotypic analysis revealed
that the resulting F1 progenies were all diploid
having 48 or 49 chromosomes depending upon
male species. These results suggest that the
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Fig. 2. Metaphases and karyotypes of progenies resulting from breeding experiments. Bars indicate 5um.

A : Karyotype of triploid C. sinensis - longicorpus( %)X C. sinensis( § }(2n=48, 18msm - 30stt).
B : Karyotype of triploid C. sinensis ~ longicorpus( %)X C. longicorpus( § (2n=49, 19 msm - 30stt)

haploid ova would be made diploid offspring by
fertilization with haploid sperm. For possible
explanations of our observations, we hypothe-
sized that an uneven genome of C. longicorpus
from triploidy (SSL) genome of C. sinensis -
longicorpus was eliminated during the primary

meijotic division, and then were divided into the
haploid ovum by secondary meiosis(Fig. 3).
Recently, Goddard and Schultz(1993) reported
that triploid female of Phoxinus eos — neogaeus
might have a peculiar reproduction similar to
this hypothetic mode. The elimination of a
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Fig. 3. The hypothetic mode of reproduction of the triploid Cobitis sinensis - longicorpus observed in this study.
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genome during the meiosis was reported in
hybridogenetic topminnow, Poeciliopsis mona-
cha — lucida(Cimino, 1971). This reproductive
hypothesis of triploid female of C. sinensis —
longicorpus is different from that of gynogene-
sis, parthenogenesis or even hybridogenesis in
the vertebrate reported already. To verify the
hypothesis, the molecular genetic studies of
parental species and their progeny should be
conducted in the future.
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