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INTRODUCTION

The native ecosystem has often been disturbed
by the introduced exotic species. They can impact
on the ecosystems through habitat alteration,
introduction of diseases or parasites, hybridiza-
tion with the native species, and trophic altera-
tion (Ross, 1991). Such environmental disturban-
ces may result in devastation of environments
and biodiversity of the introduced region. There-
fore, influences of introduced species must be as-
sessed promptly and precisely to minimize their
harmful effects. Then the first step for this pur-
pose is to discriminate correctly the introduced
species from the very similar native one. Recently

molecular markers have played an important
role in this aspect.

The fresh water crucian carp gengorobuna
(Carassius cuviert) was introduced to Korea from
Japan in 1970s and intentionally released to
rivers and reservoirs as food resources. Surpass-
ing other fish species in fertility and adaptation
against environmental change, this exotic species
has threatened the survival of indigenous fish
species. The fish genus Carassius (Pisces: Cyprini-
dae) occurs throughout Eurasian continent and
Japanese Islands. Taxonomic status of species
belonging to this genus is still under debates.
Meng et al. (1995) suggested that there are two
species-C. cuvieri and C. quratus-in this genus.
C. auratus is further divided into several sub-
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species according to habitat divergence and geo-
graphic isolation (Ueda and Ojima, 1978; Chen
and Leibenguth, 1995). In the recent revision of
Japanese Carassius, Hosoya (2000) separated C.
cuvieri as a different species from other subspe-
cies belonging to C. auratus. Though Korean
native crucian carp was assumed to be C. a.
langsdorfi based on the analyses of morphologi-
cal characters and allozyme data for crucian carp
populations of Korea, the taxonomic status of
this species still needs further study (Yang, 1985;
Nam et al., 1989).

The gengorobuna C. cuvieri and the Korean
native C. auratus are morphologically quite simi-
lar. In the case of juveniles, the identification is
even more difficult. This makes researchers very
hard to assess harmful effects of gengorobuna on
the native environment. Here we designed and
tested molecular markers for correct identifica-
tion of two crucian carp species-introduced species
(C. cuvieri) and native one (C. auratus) inhabiting
Korean freshwater based on the species-specific
nucleotide sequences of mitochondrial control
regions.

MATERIALS AND METHODS

1. Sampling and DNA sequencing

The crucian carp specimens in this study were
collected from Woope Wet Land (N 35°3323”, E
128°24’17”) and Joan (Hangang River) (N 37°
32187, E 127°18'11”) in Korea. Two individuals
of each species were used for the nucleotide se-
quence determination of mitochondrial control
region.

Total DNA were extracted from the dorsal tis-
sue of individual specimen using a DNeasy tis-
sue kit (Qiagen). Mitochondrial control region
was amplified by PCR using primers-Cara-CR-F
and Cara-CR-R (Table 1) which were designed
from the flanking regions of control regions,
transfer RNA (Pro) and 128 ribosomal RNA, res-
pectively. PCR mixtures were composed of 1X
Taq polymerase buffer, 1 mM dNTP mix (asym-
metric composition of ANTP was used for ampli-
fying AT-rich region), 2.5 mM MgClp, 0.5 uM of
each primer, 2.5~250 pg of total DNA and 0.04
unit pL ™! of Taq polymerase (Promega Co.). PCR
was performed using a GeneAmp PCR system
9700 (Applied Biosys-tems) with the following

Table 1. Primer sequences used in this study.

Primer Primer sequence (5’-3")
Cara-CR-F  TTY-TAA-CTC-WCA-CCC-CTG-RCT-MCC
Cara-CR-R  GTK-GCT-GKC-ACG-AGT-TTT-ACC-GGC
DDF AGT-ACA-TAT-ATG-TAT-TAT-CAC-C
DDR GGA-TGA-AAT-TTT-ACT-TGA-T
DDR1 ATT-TTT-AGG-TGA-TCA-CTG

cycle conditions: 94°C for 1 min, followed by 35
cycles of 94°C for 1 min, 49°C for 50 s and 72°C
for 1 min 30 s and followed by a final elongation
at 72°C for 7 min. Amplified products were se-
parated on 1% TBE agarose gels, excised under
long -wavelength UV light and extracted using a
QIAEX II Gel Extraction Kit (Qiagen). After
purification, the PCR products were sequenced
from both directions with the Big-Dye Termina-
tor Sequencing Kit (Applied Biosystems) accord-
ing to the manufacturer’s instructions. The reac-
tion products were analyzed on an ABI Prism Ge-
netic Analyzer 3100 (Applied Biosystems). Bidi-
rectional sequences were aligned and visually
checked with the Sequence Navigator v1.0.1
(Perkin-Elmer).

2. Design of PCR primers and performing
PCRs for species identification

Sequences of the 876 bp-sized mitochondrial
control regions of four individuals of two species
were aligned with the CLUSTAL option of Se-
quence Navigator 1.0.1 (Perkin-Elmer) and opti-
mized manually (Fig. 1). Species-specific reverse
primers were designed to discriminate two spe-
cies by different length of amplified PCR frag-
ment of each species. The primer set composed of
DDF-DDR1 and DDF-DDR (Table 1), which amp-
lifies 700 bp- and 150 bp-sized fragments from C.
auratus and C. cuvieri, respectively, was selected
from various primer combinations. In order to
test the primer set, PCR was performed with
morphologically identified 25 adult individuals of
C. auratus and 10 of C. cuvieri. Ten unidentified
juveniles (9 of C. auratus and 1 of C. cuvieri)
were also tested with the primer set.

The reaction mixture (25 uL) was composed of 3
uL of the templates, 2 uL of MgCl; (25 mM), 2.5
uL of PCR buffer (10 x ), 2.5 uL of dNTP mixture
(10 mM), 1.25 pL of primer DDF (10 yM), DDR
(10 uM), DDR1 (10 uM), 0.2 uL. Tag polymerase,
and 12.3 uL of DW. The best setting was obtained
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C. cuvieri 1 ATGTAC TCAT
C. cuvieri 2 ATGTAC TCAT
C. auratus 1 CATAATATGCATAATATTACATTAATGCA TCAT
C. auratus ? TCCCTGTATGGTTTAATACATAATATGCAT TCAT
kEhkk K kAR kkkhkkhkkhkkhkhkkkihdkhhhkdhhkkhxx
AGTACATATATGTATTATCACC
— ODF

C. cuvieri 1 TAATTTAACCATAAAGCAGGGACATATATGTGAAGGTATACATAAAGCATAATATTAAGA
C. ouvieri 2 TAATTTAACCATAAAGCAGGGACATATATGTGAAGGTATACATAAAGCATAATATTAAGA
C. auratus 1 TATTTTAACCCCAAAGCAAGTACATATAAATTAAGGTATACATAAAGCATAATCTTAAGA
C. auratus 2 TATTTTAACCCCAAAGCAAGTACATATAAATTAAGGTATACATAAAGCATAATCTTAAGA
*k hkhkkhkk kkkdkhkk Kk Akkkkhkkk * kkkkkhkkkkhkkkrkhkkkkhhikdx hhkkhkk

C. cuvieri 1 CTCACAAATTAAATTATTTTAACCCGGGTAATATATTATTCCCCAAAAAATTGTCCTCAC
C. cuvieri 2 CTCACAAATTAAATTATTTTAACCCGGGTAATATATTATTCCCCAAAAAATTGTCCTCAC
C. auratus 1 CTCACAAGTTAAATTATTTTAACCCGGGTAATATATTATTCCCCAAGAAATTGTCCTCAC
C. auratus 2 CTCACAAGTTAAATTATTTTAACCCGGGTAATATATTATTCCCCAAGAAATTGTCCTCAC
KRKKFAKE AEKAARKKRAAAAAKR AR AR A A I AR AR KRR K AT RARFRAIK ARk kR hhkhkkx

C. cuvieri 1 ATTTTTCCTTGAATG CAAACATATTAATGTAGTAAGAAACC
C. cuvieri 2 ATTTTTCCTTGAATGAA AAACATATTAATGTAGTAAGAAACC
C. auratus 1 ATCTTTCCTTGAATGACTCAACTAAGGTTTTATTCAAACATATTAATGTAGTAAGAAACG
C. auratus 2 ATCTTTCCTTGAATGACTCAACTAAGGTTTTATTCAAACATATTAATGTAGTAAGAAACC
KKk AKRANKIAKA KA KAk Ak Ahkkhkkhikk *khk khk hkhkEkkkhkhkhkkkkhkkhkxhkAxkdkhkhkk

TAGITGATTITAAAGTAGG
DDR <

C. cuvieri 1 ACCAACTAATTTACATAAAGGAATATCATGCATGATGGAATCAAGGACACTAATCGTGGG
C. cuvieri 2 ACCAACTAATTTACATAAAGGAATATCATGCATGATGGAATCAAGGACACTAATCGTGGG
C. auratus 1 ACCAACTAATTTATATAAAGGAATATCATGCATGATGGAATCAGGGACACCAATTGTGGG
C. auratus 2 ACCAACTAATTTATATAAAGGAATATCATGCATGATAGAATCAGGGACATCAATTGTGGG
dhkkhhkhkhkhkhkhrk khkkkhhhkkhkhhkhkrhkhhkhkhhkhrdx Fhkhhk khxikk *hkKh Fhxkkk

C. cuvieri 1 GGTTGCACAATATGAACTATTACTGGCATCTGGTTCCTATTTCAGGGACATAACTGTAAT
C. cuvieri 2 GGTTGCACAATATGAACTATTACTGGCATCTGGTTCCTATTTCAGGGACATAACTGTAAT
C. auratus 1 GGTTGCACAATGTGAACTATTACTGGCATCTGGTTCCTATTTCAGGTACATAATTGTAAT
C. auratus 2 GGTTGCACAATGTGAACTATTACTGGCATCTGGTTCCTATTTCAGGTACATAATTGTAAT
KhKKIIITIKK KKK ARKRI AR A AR A AL KK IR AR AR A NhKh k) Kkkhkhkx hhhhkk

C. cuvieri 1 ATTCCACCCTCGGATAATTATACTGGCATCTGATTAATGGTGTAGTAGATATGTTTCATT
C. cuvieri 2 ATTCCACCCTCGGATAATTATACTGGCATCTGATTAATGGTGTAGTACATATGTTTCATT
C. auratus 1 ATTCCACCCTCGGATAATTATACTGGCATCTGATTAATGGTGTAGTACATATGGTTCATT
C. auratus 2 ATTCCACCCTCGGATAATTATACTGGCATCTGATTAATGGTGTAGTACATATGGTTCATT
AEEKKAKEAKAARKARAKRAHLIALAKRKAAK AR AR RA LA AT AR ARk TR hdhhhkd dhkhkhikx

C. cuvieri 1 ACCCCACATGCCGAGCATTCTTTTATATGCATAACGTATCTTTTTTTTGGTTTCCTTTCA
C. cuvieri 2 ACCCCACATGCCGAGCATTCTTTTATATGCATAACGTATCTTTTTTTTGGTTTCCTTTCA
C. auratus 1 ACCCCACATGCCGAGCATTCTTTTATATGCATAGGGTATCTTTTTTTTGGTTTCCTTTCA
C. auratus 2 ACCCCACATGCCGAGCATTCTTTTATATGCATAGGGTATCTTTTTTTTGGTTTCCTTTCA

khkkhkhhhkhhhhhhkhhhhkhkhhhhhhkhhhdkk hhkkrhkhkhkhhdhdhkAATdhhhhh ik

Fig. 1. An alignment set of mitochondrial control region sequences of Carassius auratus and C. cuvieri from Korea.
Locations of PCR primers (DDF, DDR and DDR1) for identification of two species were indicated.
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0. ouvieri i TCTTGCATCTCAGAGTGCAGGCACAAATGTTAATTTAAGGTTGAACATTTTCCTTGAATG
0. cuvieri 2 TTTTGCATCTCAGAGTGCAGGCACAAATGTTAATTTAAGGTTGAACATTTTCCTTGAATG
¢. auratus 1 TCTTGCATCTCAGAGTGCAGGCACAMTGTTGATTTAAGGTTCAACATTTTCCTTGAATG
C. auratus 2 TCTTGCATCTCAGAGTGCAGGCACAAATGTTGRTTTAAGGTTGAACATTTTCCTTGAATG
* RANERAFA AR AR RRAAA AR A kAR R i KAFIAAEAARARAIRERR AR A AR A ARKN
C. euvieri 1 TGATAATATAAATGAATTATCGTAAGACATAATTTAAGAATTACATACTTCTAATTCAAG
C. cuvieri 2 TGATAATATAAATGAATTATCGTAAGACATAATTTAAGAATTACATACTTCTAACTCAAG
C. auratus 1 TGATTATATAAATGAATTATCGTAAGACATAATTTAAGAACTGCATACTTCTAACTCAAG
C. auratus 2 TGATTATATAAATGAATTATCGTAAGACATAATTTAAGAACTGCATACTTCTAACTCAAG
KRk HRRAARAARARA AN I AR A AR A AR ARk bk dhid * Frdddrddihsd dhdkid
¢ ocuvieri i TGCATAACATATTCATCCCTTATTCAACTTATCCTTATATAGTGCCCCCTTTGGTTTTTG
C. cuvieri 2 TGCATAACATATTCATCCCTTATTCAACTTATCCTTATATAGTGCCCCCTTTGETTTTTG
¢. auratus 1 TGCATA-CATATTCATCTCTTATTCAACTTATCCTTATATAGTGCCCCCTTTGGTTTTTG
C. auratus 2 TGCATACCATATTCATCTCTTATTCAACTTATCCTTATATAGTGCCCCCTTTGGTTTTTG
hhkkhkhkk FAKARAAARE AAARFER AR A AR A A XA AR AR FTRARFA XA ERA R A AR A A A b ddh
C. cuvieri 1 CGCGACAAACCCCCTTACCCCCTACGCTCAGAGAATCCTGTTATCCTTGTCAAACCCCGA
C. cuvieri 2 CGCGACAAACCCCCTTACCCCCTACGOTCAGAGAATCCTGTTATCCTTGTCAAACCCCGA
¢. auratus 1 CGCGACAAACCCCCCTACCCCCTACGCTCAAAGAATCCTGTTATCCTTGTCAAACCCCGA
C. auratus 2 CGCGACAAACCCCCCTACCCCCTACGETCAAAGAATCCTGTTATCCTTGTCAAACCCCGA
AhkhhhkhrhkFhhkAdk ARAXTARIRRAEhAF AAA TR AE A IA AR AL DR AR A hhkhdhdd
C. cuvieri 1 AACCAAGBAGGACCCAAGAACGTGTAAGCCAACGAGTTGCGGTATGAATTGGCATCCCAT
C. ouvierf 2 AACCAAGGAGGACCCAAGAACGTGTAAGCCAACGAGTTATGATATGAATTGGCATCCCAT
C. auratus 1 AACCAAGGAGGACCCAAGAACGTGTAAGCCAACGAGTTGAGGTACGAATTGBCATCCCAT
C. auratus 2 AACCAAGGAGGACCCAAGAACGTGTAAGCCAACGAGTTGAGGTACCAATTGGCATCCCAT
FAKAKRAFIRRKAAKAAKRAAHATAAF I ARAARA KA RFARAAL Khdkr kARAIAAAEdhh A hdhd
C. cuvieri 1 TATATATATATATATATATGTGCATCGGTTTTTTTATCACAATTTATTGATCAGCTAAAA
C. ouvieri 2 TATATATATATATATATATGTGCATCGGTTTTTTTATCACAATTTATTGATCACCTAAAA
C. auratus 1 TATATATATATATATATATGTGCATCGGTTTTTTTATCACAAT
C. auratus 2 TATATATATATATATATATGTGCATCGGTTTTTTTATCACAAT
Tk RhhE R R IR RREFRRRRREI AR R T R Ehkhhhhkhhhhhkhhd & hddhkhhhhhhak
GICACTAGTGGATTTT
DDR1 «
C. cuvieri ACCTCTGCCAAAACCCCCAAAAAATTACCTCCACACTAAATTTTCTAATATTATTTAGCT
G. ouvieri 2 ACCTCTGCCAAAACCCCCAAAAAATTACCTCCACACTAAATTTTCTAATATTATTTAGCT
C. auratus 1 * CTCTGCCAAAAACCCCAAAAAATCACCTCCACACTAAATTTTCTAACATTATTTAGCT
C. auratus 2 TCTGCCAAAAACCCCAAAARATCACCTCCACACTAAATTTTCTAACATTATTTAGCT
k RARARARAKAR KAKARIRIAAREY AXARAATARAAAAR AR AN LX AR dhhhhhhhk
TA
Fig. 1. Continued.
from several different combinations in magne- denaturation at 94°C for 1 min, annealing at 49
sium concentration and annealing condition. The °C for 1 min, elongation at 72°C for 1.5 min, and
PCR conditions were as follows: initial denatura- a final extension at 72°C for 2 min.

tion at 94°C for 2 min, followed by 35 cycles of
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C. auratus (700 bp) —pm w o

C. cuvieri (150 bp) —»

Fig. 2. Gel electrophoresis of PCR products using combin-
ed primer set (DDF, DDR and DDR1) for identifi-
cation of two crucian carp species. M, 100-bp lad-
der size marker (WelGENE, Daegu, South Korea);
lane 1, C. auratus, native species of Korea; lane 2,
C. cuvieri, introduced species; lane 3, C. auratus+
C. cuvieri; lane 4.

RESULTS AND DISCUSSION

The most suitable primer set resulted in differ-
ent lengths of PCR products of two species. DDF-
DDR1 amplified 700 bp-sized fragments from 25
adult individuals of C. quratus and DDF-DDR
did 150 bp-sized fragments from 10 adult individ-
uals of C. cuvieri. Two species were clearly sepa-
rated by these molecular markers (Fig. 2). These
markers also identified 10 unidentified juveniles
as 9 C. auratus and 1 C. cuvieri. The results
proved that two species of Carassius inhabiting
in Korea can be easily distinguished with just
single PCR step method. Without help of molecu-
lar markers, it is difficult to identify these spe-
cies because of considerable morphological inter-
species similarities and intra-specific variations
according to environmental conditions. Further-
more, two species can hardly be distinguished in
their juvenile stages. Compared with most other
molecular identification methods composed of
two steps including PCR and subsequent nucleo-
tide digestion with restriction enzyme (Lind-
strom, 1999), the present one-step PCR method
would be simpler and quicker with equal reliabil-
ity for species identification.

Considerable numbers of fish species have
been introduced to Korea. Fifteen species of exot-
ic fishes have been introduced as food resources
and about 120 species for aquarium since the

1950s (Jang et al., 2002). Some of these fishes
have spread widely in the country and establish-
ed stable populations in natural environments.
However, the distribution and ecology of these
introduced fishes has rarely been studied. Correct
discrimination of introduced species from the
most similar native species may be the starting
point of conservation of our environment and
native species. The molecular markers produced
here by one-step PCR method, developed and
tested successfully for identification of two cru-
cian carp species, would be valuable progress for
rapid assessment of freshwater fish community
structure of Korea.

ABSTRACT

The introduced exotic species has often caused
severe problems to the native ecosystem. One of
such species is the freshwater fish gengorobuna
(Carassius cuvieri) introduced from Japan. The
first step to assess harmful effects of this species
on the Korean freshwater ecosystem is to diseri-
minate it from the most similar native crucian
carp (Carassius auratus). Because traditional
morphological identification often gives unreli-
able results due to their highly similar pheno-
type, a new more efficient method is needed. For
this purpose, molecular markers produced by the
efficient one-step PCR method using three pri-
mers (DDF, DDR and DDR1) were developed and
tested in the present study. This molecular mar-
ker will play an important role in monitoring fish
community of Korean freshwater ecosystem.
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