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Abstract
Hybrids of koi (an ornamental variant of the common carp

Cyprinus carpio) and goldfish Carassius auratus auratus were pro-
duced by artificial spawning. All 3-year-old F1 hybrid males exam-
ined were sterile, whereas some F1 hybrid females were fertile and
produced eggs after hormonal injection. Backcross progeny were
obtained by using intact koi sperm to inseminate eggs from F1 hy-
brid females; gynogenetic progeny were obtained by inseminating
eggs from F1 hybrid females with koi sperm that was genetically
inactivated by ultraviolet irradiation. Flow cytometric analysis of
DNA content indicated that the backcross progeny were triploid,
while the gynogenetic progeny, pure koi, pure goldfish, and F1 hy-
brids were all diploid. The triploidy of backcross progeny obtained
without application of any treatment to the eggs demonstrates that
the koi × goldfish hybrid females produce diploid eggs.

The common carp Cyprinus carpio and goldfish Carassius
auratus auratus are nonnative cyprinid species that naturally re-
produce in North America (Panek 1987; Schofield et al. 2005).
Ornamental forms of common carp (i.e., koi) and goldfish are
popular decorative fish in many countries throughout the world,
including the United States. Goldfish are also raised in the
United States for use as bait fish and as forage in fish hatcheries
(Schofield et al. 2005).

Common carp naturally hybridize with goldfish in their na-
tive range and in many areas where both species have been
introduced (Trautman 1957; Bardach et al. 1972; Taylor and
Mahon 1977; Pullan and Smith 1987; Schofield et al. 2005).
Cases of hybridization between koi and goldfish have also
been described in the aquarium fish and koi hobbyist literature
(Hemdal 2003; Muha 2007). Hybrids of common carp or koi
and goldfish have been produced artificially for different types
of studies (e.g., Suzuki 1962; Hedrick et al. 2006). The morpho-
metric and meristic characteristics of common carp (or koi) ×
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goldfish hybrids have been widely reported (Taylor and Mahon
1977; Pulan and Smith 1987; Schofield et al. 2005). In contrast
to many interspecies fish hybrids, the hybrids of common
carp and goldfish are not sterile, and the backcrossing of hy-
brids with parental species has been reported (Trautman 1957;
Bardach et al. 1972).

Previous studies on hybridization of common carp with two
other subspecies of C. auratus (Japanese crucian carp C. auratus
cuvieri and silver crucian carp C. auratus gibelio) revealed that
F1 hybrid females produced triploid progeny when backcrossed
to males of parental species (Ojima et al. 1975; Cherfas et al.
1994). Triploidy of backcross hybrids resulted from the diploidy
of eggs produced by hybrid females. The present study was
performed to investigate whether koi × goldfish hybrid females
have the same feature. For this purpose, the ploidy of backcross
progeny obtained from hybrid females was determined.

METHODS
Fish spawning and rearing were conducted at the Aquaculture

Research Center, Kentucky State University, Frankfort. Koi ×
goldfish hybrids were produced by artificial spawning in spring
2008. To induce final oocyte maturation and ovulation in females
and spermiation in males, broodfish were given intramuscular
injections of carp pituitary extract (Sigma Chemical, St. Louis,
Missouri) at a concentration of 3 mg/kg of body weight. Males
received a single injection approximately 16 h before stripping
of sperm. Females received two injections (10% and 90% of the
total dose) 12 h apart. After injections, broodfish were kept in
tanks at a water temperature of 21.5◦C; ovulation was observed
11–12 h after the resolving injection. Eggs and sperm were col-
lected from broodfish by hand stripping. A mixture of eggs from
six koi females of different colors (white–red, white–yellow, and

449

D
ow

nl
oa

de
d 

by
 [

K
en

tu
ck

y 
St

at
e 

U
ni

ve
rs

ity
] 

at
 1

2:
51

 1
0 

Se
pt

em
be

r 
20

12
 



450 GOMELSKY ET AL.

solid white) was fertilized with a mixture of sperm taken from
two solid-red goldfish males. Eggs were artificially inseminated
in plastic bowls according to standard techniques for common
carp breeding (Horvath et al. 2002) and were treated with a so-
lution of water : pasteurized cow’s milk (volumetric ratio = 8:1)
to remove adhesiveness. Embryos were incubated in McDonald
hatching jars.

The resulting F1 hybrids were raised in 20-m3 outdoor tanks
during their first summer and then were transferred to earthen
ponds, where they were reared for an additional 2.5 years. The
functional fertility of 3-year-old hybrids was investigated in
spring 2011. For this purpose, 10 selected hybrid females and
20 hybrid males were injected with carp pituitary extract by
using the dosages and methodology described above for koi and
goldfish breeders.

After hormonal injection, hybrid males did not release any
sperm. To determine whether the testes of hybrid males con-
tained any viable spermatozoa, we sacrificed the fish, removed
their testes, and thoroughly dissected and washed the testes with
a saline solution (0.85% NaCl). The resulting suspension was
used for insemination of koi eggs.

Five koi × goldfish hybrid females produced ovulated eggs
after hormonal injection and were used in crosses. Two sep-
arate groups of backcross progeny were obtained by crossing
F1 hybrid females with koi males. Backcross progeny group
1 was obtained by using sperm from a single koi male to in-
seminate a mixture of eggs collected from four hybrid females.
Backcross progeny group 2 was produced by crossing a sin-
gle hybrid female with a single koi male. Gynogenetic progeny
were also obtained by using genetically inactivated (by ultra-
violet [UV] irradiation) koi sperm to inseminate eggs from the
same F1 hybrid female that was used to produce backcross
progeny group 2. Sperm was irradiated with a UV crosslinker
(FB-UVXL-1000; Fisher Scientific) at 4,000 J/m2. This dosage
of UV irradiation was chosen based on previously performed
experiments involving the induction of gynogenesis in koi
(Alsaqufi 2011). Before irradiation, the sperm was diluted (1:9)
in a saline solution (0.85% NaCl). The backcross progeny
groups and the gynogenetic progeny were obtained without ap-

plication of any treatment to the eggs. After transition to active
feeding, the larvae were stocked in 20-m3 outdoor tanks for
rearing.

Ploidy of 4-month-old backcross progeny (mean total
length ± SD = 13.8 ± 0.85 cm) and gynogenetic progeny
(12.8 ± 0.75 cm) was determined by flow cytometric analysis
of DNA content. The analyses were performed at AquaBounty
Canada, Inc., Prince Edward Island, by using a Becton Dick-
inson (BD) FACSCalibur flow cytometer. The ploidy of some
koi, goldfish, and F1 hybrids was also analyzed for comparison.
Instrument quality control for DNA quantitation was performed
using CellQuest Pro software and DNA QC particles (BD, cat-
alog number 349523) to assess resolution and linearity. Blood
samples were drawn from each fish by caudal venipuncture and
were collected in 3.0-mL Vacutainer tubes containing lithium
heparin (BD, catalog number 366667). For each sample, two
drops of heparinized blood from a syringe were collected in
500 µL of sheath fluid (BioSure, catalog number 1019). An
80-µL quantity of the blood–sheath fluid mixture was stained
in 500 µL of propidium iodide solution containing a detergent
for lysing (BioSure, catalog number 1021) along with 40 µL of
chicken red blood cells (BioSure, catalog number 1005) as an
internal staining control. Samples were incubated in propidium
iodide solution in the dark for 10 min prior to analysis. For each
sample analyzed, 10,000 events were recorded and the relative
DNA content was determined as the ratio of sample fluorescence
peak intensity to internal standard (i.e., chicken red blood cells)
fluorescence peak intensity.

RESULTS
The koi × goldfish hybrids exhibited dark coloration that

is typical of wild-type common carp and goldfish. After eggs
from female koi were mixed with the suspension of dissected
testes from F1 hybrid males, examination of eggs under a
dissecting microscope indicated that none of the eggs was
fertilized.

The results of ploidy analysis for backcross progeny, gyno-
genetic progeny, the parental species, and the F1 hybrids are

TABLE 1. Ploidy of koi, goldfish, F1 hybrids, and backcross and gynogenetic progeny groups as determined by flow cytometric analysis. The relative DNA
content was calculated as the ratio of sample fluorescence peak intensity to internal standard fluorescence peak intensity.

Relative DNA content

Group Number of fish analyzed Mean (SD) Range Fish ploidy

Koi 4 2.56 (0.04) 2.53–2.62 2n
Goldfish 2 2.52 2.51–2.52 2n
F1 (♀ koi × ♂ goldfish) 10 2.56 (0.05) 2.49–2.60 2n
Backcross progeny group 1 (♀ F1 × ♂ koi) 15 3.75 (0.08) 3.61–3.84 3n
Backcross progeny group 2 (♀ F1 × ♂ koi) 12 3.84 (0.07) 3.73–3.96 3n
Gynogenetic progeny (♀ F1 × ♂ koi [inactivated sperm]) 12 2.51 (0.04) 2.43–2.59 2n
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presented in Table 1. The mean relative DNA content was similar
for koi, goldfish, F1 hybrids, and gynogenetic progeny and var-
ied from 2.51 to 2.56. The mean relative DNA content was 3.75
in backcross progeny group 1 and 3.84 in backcross progeny
group 2. The ratio of DNA content in backcross progeny to the
DNA content in the other groups was approximately 1.5, indicat-
ing that the backcross progeny were triploid (3n) fish, whereas
the gynogenetic progeny, parental species, and F1 hybrids were
all diploid (2n).

DISCUSSION
The results of the present study reveal the functional genetic

sterility of F1 males produced by the hybridization of koi and
goldfish. These males developed testes, but their gonads did
not contain spermatozoa with the capability of fertilizing eggs.
Sterility of goldfish × common carp hybrid males was also
reported by Yamaha et al. (2003).

Flow cytometric analysis indicated that the DNA content in
koi and goldfish was similar. These results concur with data
reported by Ohno et al. (1967), who indicated that common
carp and goldfish had comparable amounts of DNA compris-
ing 50–52% of the typical DNA content in placental mam-
mals. Similar mean values of relative DNA content were ob-
served in F1 hybrids, whereas backcross progeny appeared to be
triploid.

The triploidy of backcross progeny obtained from hybrid fe-
males (without application of any treatment to eggs) indicates
that these females produced diploid eggs. Diploidy of eggs from
hybrid females resulted in diploid gynogenetic progeny, which
were produced by use of genetically inactivated spermatozoa
chromosomes but without application of any treatment to the
eggs. Hybrid females obtained by crossing common carp males
with females of two other C. auratus subspecies (Japanese cru-
cian carp and silver crucian carp) have previously been shown
to produce diploid eggs (Ojima et al. 1975; Cherfas et al. 1994).
The results of the present study demonstrate that the same phe-
nomenon is observed in hybrids obtained from two popular
ornamental fishes, the koi and goldfish. Specifically, the hybrid
females producing diploid eggs were obtained by crossing koi
females with goldfish males.

The ability of interspecies F1 hybrids to produce diploid
eggs has been described for several other fish taxa in addition
to Carassius and Cyprinus; these include hybrids of the brown
trout Salmo trutta and Atlantic salmon S. salar (Johnson and
Wright 1986; Galbreath and Thorgaard 1995) and hybrids of the
pumpkinseed Lepomis gibbosus and green sunfish L. cyanel-
lus (Dawley et al. 1985; Dawley 1987). Cherfas et al. (1994)
and Shimizu et al. (2000) showed that generation of unreduced
diploid eggs by hybrid females results from the occurrence of
premeiotic endomitosis (i.e., doubling of chromosomes without
cytokinesis) in early oogenesis; the resulting tetraploid oocytes
undergo two normal, consecutive meiotic divisions.

The koi × goldfish hybrids had a color pattern that is typical
of wild-type common carp and goldfish, which indicates that the
alleles causing melanin depigmentation in parental forms are not
expressed in the hybrids. The analysis of color inheritance in
hybrids will be presented in a separate publication.

ACKNOWLEDGMENTS
Support for this study was provided by Kentucky’s Regional

University Trust Fund to the Aquaculture Program as Kentucky
State University’s Program of Distinction.

REFERENCES
Alsaqufi, A. S. 2011. Application of microsatellite DNA markers in studies

on induced gynogenesis in ornamental (koi) carp. Master’s thesis. Kentucky
State University, Frankfort.

Bardach, J. E., J. H. Ryther, and W. O. McLarney. 1972. Aquaculture: the
farming and husbandry of freshwater and marine organisms. Wiley, New
York.

Cherfas, N. B., B. I. Gomelsky, O. V. Emelyanova, and A. V. Recoubratsky.
1994. Induced diploid gynogenesis and polyploidy in crucian carp, Caras-
sius auratus gibelio (Bloch), × common carp, Cyprinus carpio L., hybrids.
Aquaculture and Fisheries Management 25:943–954.

Dawley, R. M. 1987. Hybridization and polyploidy in a community of three
sunfish species (Pisces: Centrarchidae). Copeia 1987:326–335.

Dawley, R. M., J. M. Graham, and R. J. Schultz. 1985. Triploid progeny of
pumpkinseed × green sunfish hybrids. Journal of Heredity 76:251–257.

Galbreath, P. F., and G. H. Thorgaard. 1995. Sexual maturation and fertility
of diploid and triploid Atlantic salmon × brown trout hybrids. Aquaculture
137:299–311.

Hedrick, R. P., T. B. Waltzek, and T. S. McDowell. 2006. Susceptibility of
koi carp, common carp, goldfish and goldfish × common carp hybrids to
cyprinid herpesvirus-2 and herpesvirus-3. Journal of Aquatic Animal Health
18:26–34.

Hemdal, J. F. 2003. Aquarium fish breeding. Barron’s, Hauppauge, New York.
Horvath, L., G. Tamas, and C. Seagrave. 2002. Carp and pond fish culture, 2nd

edition. Blackwell Scientific Publications, Oxford, UK.
Johnson, K. R., and J. E. Wright. 1986. Female brown trout × Atlantic salmon

produce gynogens and triploids when backcrossed to male Atlantic salmon.
Aquaculture 57:345–358.

Muha, L. 2007. Spring ponds part 2: the good, the bad and the ugly. Tropical
Fish Hobbyist (April):64–67.

Ohno, S., J. Muramoto, L. Christian, and N. B. Atkin. 1967. Diploid-tetraploid
relationship among old world members of the fish family Cyprinidae. Chro-
mosoma 23:1–9.

Ojima, Y., M. Hayashi, and K. Ueno. 1975. Triploidy appeared in the back-
cross offspring from funa-carp crossing. Proceedings of Japanese Academy
of Science 51:702–706.

Panek, F. M. 1987. Biology and ecology of carp. Pages 1–15 in E. L. Cooper,
editor. Carp in North America. American Fisheries Society, Bethesda, Mary-
land.

Pullan, S., and P. J. Smith. 1987. Identification of hybrids between koi (Cyprinus
carpio) and goldfish (Carassius auratus). New Zealand Journal of Marine and
Freshwater Research 21:41–46.

Schofield, P. J., J. D. Williams, L. G. Nico, and M. R. Thomas. 2005. For-
eign nonindigenous carps and minnows (Cyprinidae) in the United States—a
guide to their identification, distribution, and biology. U.S. Geological Survey,
Scientific Investigations Report 2005–5041.

Shimizu, Y., N. Shibata, M. Sakaizumi, and M. Yamashita. 2000. Produc-
tion of diploid eggs through premeiotic endomitosis in the hybrid medaka

D
ow

nl
oa

de
d 

by
 [

K
en

tu
ck

y 
St

at
e 

U
ni

ve
rs

ity
] 

at
 1

2:
51

 1
0 

Se
pt

em
be

r 
20

12
 



452 GOMELSKY ET AL.

between Oryzias latipes and O. curvinotus. Zoological Science 17:951–
958.

Suzuki, R. 1962. On the behavior of carp-goldfish hybrids. Japanese Journal of
Ichthyology 10:13–15.

Taylor, J., and R. Mahon. 1977. Hybridization of Cyprinus carpio and Carassius
auratus, the first two exotic species in the lower Laurentian Great Lakes.
Environmental Biology of Fishes 1:205–208.

Trautman, M. B. 1957. Fishes of Ohio with illustrated keys. Ohio State Univer-
sity Press, Columbus.

Yamaha, E., M. Murakami, K. Hada, S. Otani, T. Fujimoto, M. Tanaka,
S. Sakao, S. Sato, and K. Arai. 2003. Recovery of fertility in male
hybrids of a cross between goldfish and common carp by transplanta-
tion of PGC (primordial germ cell)-containing graft. Genetica 119:121–
131.

D
ow

nl
oa

de
d 

by
 [

K
en

tu
ck

y 
St

at
e 

U
ni

ve
rs

ity
] 

at
 1

2:
51

 1
0 

Se
pt

em
be

r 
20

12
 


