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Summary

When paddlefish, Polyodon spathula, eggs were fertilized with

UV irradiated (863 lW cm)2) sperm of Amur sturgeon,
Acipenser schrenckii, viable gynogenetic diploid progeny with
approximately 120 chromosomes occurred due to spontane-

ous diploidization of the maternal set of chromosomes
(SDM). Distant hybridization of P. spathula eggs by
A. schrenckii sperm induced inviable gynogenetic haploid

progeny with approximately 60 chromosomes. When eggs
gynogenetically activated by heterospecific sperm were heat-
shocked with 37�C for 2 min at 18 min post-fertilization, a

small proportion (7.8%) of viable gynogenetic diploid prog-
eny appeared. The female inheritance of these gynogenetic
diploid progeny was verified by chromosome analyses and
microsatellite genotyping.

Introduction

Induced gynogenesis is considered a valuable tool for restoring
endangered or extinct species (Saber et al., 2008). The method
has been established in sturgeon (Fopp-Bayat et al., 2007) as

their threatened status requires urgent conservation efforts
(Ludwig, 2008; Zhu et al., 2008). The American paddlefish,
Polyodon spathula, and the Chinese paddlefish, Psephurus
gladius, are the only existent species of the family Polyodonti-

dae (Wei et al., 1997; Wu, 2005; Peng et al., 2007). At present,
little research on P. gladius can be conducted due to its scarcity
(Zhang et al., 2009). On the other hand, P. spathula is a

promising model for studying conservation of the Chinese
paddlefish. The technique of gynogenesis induced by hetero-
specific sperm in P. spathula is being used for the conservation

and enhancement of them.
Spontaneous diploidization of the maternal chromosome set

(SDM) is a well-known natural event in fishes (Cherfas et al.,

1991). It can be detected in artificial gynogenesis experiments
from the occurrence of normal diploid progeny among haploid
controls to which no diploidization treatment was applied
(Ezaz et al., 2004). Usually, the environmental shock, thermal,

chemical or pressure treatments can easily lead to develop-
mental malformation of the embryo in artificial restoring
diploidy of the zygote (Ye and Wu, 2003). Fortunately, SDM

induce no actual damage for embryo development (Ezaz et al.,
2004). It is therefore of value to use SDM approach to obtain
gynogenetic offspring.

Artificially induced SDM has been used successfully to

produce gynogens in some teleost species, such as Nile tilapia,
Oreochromis niloticus, (Ezaz et al., 2004) as well as in white
sturgeon, Acipenser transmontanus, (Van Eenennaam et al.,

1996); sterlet, Acipenser ruthenus, and Siberian sturgeon,
Acipenser baerii, (Fopp-Bayat, 2007).
On the other hand, the use of normal heterospecific sperm

rather than UV-irradiated heterospecific sperm to induce egg
development is technically easier to handle and greatly
increases the efficiency of gynogenesis (Lou, 2001; Chen et al.,

2009). Our previous data shows that P. spathula eggs initiate
gynogenetic haploid development when fertilized with sperm
of remotely related heterospecific species, and inviable gyno-
genetic haploid with approximately 60 chromosomes were

produced (Zou et al., 2009). In addition to this preliminary
study, the authors want to show more detailed data to
conclude gynogenesis by hybridization and SDM in the

present manuscript. Therefore, gynogenesis induced in
P. spathula by fertilization with normal A. schrenckii sperm
and subsequent heatshock could induce viable gynogenetic

diploid progeny.
The aims of the present study were (i) to induce haploidy in

P. spathula using genetically inactivated Acipenser schrenckii
sperm and to confirm that normal appearing and �long-
surviving� fish could be due to SDM, (ii) to induce gynogenesis
by means of distant hybridization of P. spathula eggs, by
A. schrenckii sperm, then to duplicate chromosomes by heat-

shocking the embryos. The successful induction of gynogenetic
diploidy would be confirmed by cytogenetic analyses and
microsatellite analysis.

Materials and methods

Broodstock and gamete collection

All experiments were conducted at the Yangtze River Fisheries
Research Institute, Chinese Academy of Fishery Science, in
spring 2009 and 2010. Five females of P. spathula (10–12 kg),
three males of A. schrenckii (12–14 kg), and two males of

P. spathula (9–11 kg) were used for gamete collection. State of
maturation was assessed by measuring the oocyte diameter
and observing germinal vesicle migration from ovarian biop-

sies (Mims and Shelton, 2005). Induction of spawning and
spermiation was carried out according to the method described
by Doroshov et al. (1983). Unfertilized eggs collected by
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compressing the female�s abdomen were maintained in beakers
without water at 15�C. Sperm was drawn into sealed plastic

bags with oxygen, and kept at 4�C until use.

Experimental design

Experimentation was conducted on three groups of P. spathula
eggs: (i) a diploid control group (C) fertilized with P. spathula
sperm, to test egg viability; (ii) a gynogenetic haploid group (S)

fertilized with genetically inactivated A. schrenckii sperm,
without heat shock treatment, to confirm that normal
appearing larvae in haploid group could be due to SDM;

and (iii) a gynogenesis by distant hybridization group (Gy)
fertilized with normal A. schrenckii sperm, with the embryos
subjected to heat shock to confirm the feasibility of producing

gynogenetic P. spathula.

Induction of gynogenesis

The sperm of A. schrenckii was divided into two aliquots:
irradiated sperm for use with S and untreated sperm for use
with Gy. The methods of UV irradiation and parameters of

heat shock are described by Zou et al. (2011). In shortly, for
the UV irradiation treatment, semen from A. schrenckii were
diluted 1 : 4 with seminal fluid of the A. schrenckii (superna-

tant from surplus semen by centrifugation ( 10 g for 10 min)),
The resultant sperm solution (5 ml) was put into Petri dishes
(diameter: 2000 mm) to a depth of approximately 200 mm.

These dishes were placed on a rotating platform gently 30 cm
below the three UV lamps (Philips 30 W), and irradiated for
5 min, which provided an incident light intensity (254 nm) of
863 lW cm)2, as measured by a UV radiometer (UVC-254,

Ultra-Violet Products, National). For group S, 1000 ml
(approximately 60 000) of eggs were fertilized with 50 ml
diluted and irradiated milt (one sperm: four seminal fluid),

without heat shock treatment, and the �fertilized eggs� were
activated with 800 ml dechlorinated tapwater and incubated at
18�C. For group Gy, 1000 ml of eggs were fertilized with 50 ml

of diluted A. schrenckii sperm and, beginning 18 min post-
fertilization, subjected to heat shock at 37�C for 2 min, to
retain the second polar body. Egg quality was evaluated by
insemination with P. spathula sperm (C).

Early embryo development was recorded as: fertilization
rate (the ratio of live eggs at mid-gastrulation to total eggs 21 h
post-fertilization), hatching rate (the ratio of hatched larvae to

live eggs at mid-gastrulation 6 days post-fertilization) and
survival rate the 30 days (the ratio of viable larvae after
30 days to hatched larvae). Hatched larvae from each treat-

ment were transferred to separate 100 L tanks at 18�C, where
they remained until sampling for chromosome characteristics
and ploidy determination, and for microsatellite analysis.

Data were analyzed by one-way analysis of variance
(ANOVAANOVA) with SPSSSPSS 13.0 (Chen et al., 2009). All data were
expressed as means ± SD, and statistical significance was set
at P < 0.05.

Identification of gynogenetic fry

Chromosome analysis. Cytogenetic analysis was conducted
60 days post-hatching. Chromosome preparation was derived
from fibroblast cells of caudal fin of fry from group C, S, and

Gy, cultured according to Freshney (2000). Chromosome
preparation was as described by Wang et al. (2004). Ten fry
from each group were examined cytogenetically. A mitotic

metaphase plate of each specimen was observed and photo-
graphed at ·1000 (Nikon, Japan). At least 50 well-spread

metaphase plates from each fish were analyzed. In addition,
abnormal embryos at the stage of neurulation from group S
were used for chromosome preparation, and chromosome

preparation was carried out according to the method described
by Wu et al.(1981).

Ploidy determination. Ten normal larvae per group were
randomly selected for blood sampling 90 days post-hatching.

Fifty microlitres of blood was drawn from the caudal vein,
mixed immediately with 200 ll phosphate-buffered saline
(PBS) (Ph 7.4), and stained with 800 ll 4-6-diamidino-2-

phenylindole dihydrochloride (DAPI). After staining for 5 min
at 4�C in darkness, nuclear suspensions were subjected to flow
cytometry (Beckman Coulter, USA) to measure the relative
DNA content. In addition, seven abnormal embryos from

group S were also sampled for ploidy assessment according to
You et al. (2001). Larvae from group C were used as a diploid
standard for the calibration of the cytometer.

Microsatellite analysis. Fin clips from parent specimens
(A. schrenckii · P. spathula) as well as tails of 10 randomly
selected larvae per group were sampled 120 days post hatching
and stored in 95% ethanol. Total genomic DNA was extracted

using the phenol–chloroform method modified after Pourkaz-
emi (1996). Three pairs of microsatellite markers (Psp-18,
Psp-29, Psp-32) (Heist et al., 2002) were used. The methods,

with modifications, for PCR and amplification were described
by Zou et al. (2011).

Results

Fertilization, hatching and survival rates

Fertilization, hatching, and survival rates for each group are

shown in Table 1. Treatment group S showed significantly
lower fertilization rate in comparison with control group C
and Gy (P < 0.05). All treatment groups S and Gy showed
lower hatching rate in comparison with the control C

(P < 0.05). Most embryos of the group S displayed features
of �haploid syndrome� (abnormal body shape, open blastopore)
and died during hatching. 1.8 ± 0.3% fertilized eggs sponta-

neously developed into viable diploid larvae with normal
appearance. The survival rate of the 30-day-old progeny
observed in Gy (75.6 ± 9.2%) was similar to that of C

(75.1 ± 18.8%), but the survival rate of S was significantly
lower (54.6 ± 7.9%) (P < 0.05).

Table 1
Fertilization, hatching, and survival rates of Polyodon spathula eggs of
experimental group. C, eggs fertilized with P. spathula sperm; S, eggs
fertilized with genetically inactivated A. schrenckii sperm; Gy, eggs
fertilized with normal A. schrenckii sperm, and embryos then heat
shocked

Group
Fertilization rate
(%)

Hatching rate
(%)

Survival rate
(%) at 30 days

C 84.8 ± 10.2 78.2 ± 6.8 75.1 ± 18.8
S 50.3 ± 5.3 1.8 ± 0.3 54.6 ± 7.9
Gy 76.4 ± 9.2 7.8 ± 1.4 75.6 ± 9.2

Note: Fertilization rate: the ratio of live eggs at mid-gastrulation to
total eggs 21 h post-fertilization. Hatching rate: the ratio of hatched
larvae to live eggs at mid-gastrulation, 6 days post-fertilization.
Survival rate: the ratio of viable larvae after 30 days to hatched larvae.
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Chromosome and ploidy level analysis

Metaphase plates from C, S, Gy larvae, and the frequency
distribution of chromosome numbers are shown in Fig. 1 and
Table 2. Groups S and Gy showed diploid chromosome

numbers (approximately 120) (Fig. 1b,c), which were same to
C (Fig. 1a). However, abnormal embryos in group S showed
haploid chromosome numbers (approximately 60) (Fig. 1d).
Table 3 shows the DNA contents and ploidy levels of the

progeny in Group C, S, and Gy. In control diploid group C,
gynogenetic diploid Groups S and Gy, all progeny were
diploids. However, abnormal embryos in Group S showed

haploid. DNA content of diploid in group C larvae to haploid
was approximately two times.

Microsatellite DNA analysis

The results of microsatellite analysis obtained no genetic
contribution from the paternal genome (A. schrenckii) in
groups S and Gy. The locus Psp-29 was the most reliable for

genetic verification of fish from the present experiment,
because at this locus the mare of the gynogenetic diploids
was characterized by all alleles being different from those of

(a)

(c)

(b)

(d)Fig. 1. Metaphase chromosome spre-
ads from (a) normal diploid Polyodon
spathula with approximately 120 chro-
mosomes in Group C; (b) spontaneous
diploid P. spathula with approximately
120 chromosomes in Group S; (c)
gynogenetic diploid P. spathula by
hybridization with approximately 120
chromosomes in Group Gy; (d) gyno-
genetic haploid embryos with approx-
imately 60 chromosomes in Group S.
bar = 10 lm

Table 2
Frequency distribution of chromosome numbers from Group C, S, Gy larvae and S abnormal embryos. Group C: normal diploid Polyodon
spathula; Group S (S1): spontaneous diploid Polyodon spathula; Group S (S2): haploid embryo of Polyodon spathula; and Group Gy: gynogenetic
diploid Polyodon spathula by hybridization

Group
Sample
number Frequency distribution of chromosome (numbers)

Metaphase
counts Modal (%)

C 10 >115 (42) 115–119 (58) 120 (430) 121–124 (28) 558 77
S(S1) 10 >115 (46) 115–119 (63) 120 (375) 121–124 (39) 523 71
S(S2) 8 >55 (31) 56–59 (54) 60 (335) 61–65 (28) 448 74
Gy 10 >115 (42) 115–119 (65) 120 (486) 121–124 (30) 623 78

Note: S1, spontaneous diploids in Group S; S2, haploid embryos in Group S.

Table 3
DNA contents and ploidy levels of larvae in Group C, S (S1, S2), and Gy. Group C: normal diploid Polyodon spathula; Group S (S1): spontaneous
diploid Polyodon spathula; Group S (S2): haploid embryo of Polyodon spathula; and Group Gy: gynogenetic diploid Polyodon spathula by
hybridization. DNA values from normal diploid P. spathula in Group C was set as �200�and used as a standard

Group
Sample
number

Average channel
number ± SD CV (%)

DNA contents
±SD (pg per N) Ploidy type

C 10 200.0 ± 0.86 1.63 ± 0.04 3.50 ± 0.32 Diploid
S(S1) 10 204.2 ± 0.91 2.12 ± 0.07 3.57 ± 0.43 Diploid
S(S2) 7 101.8 ± 0.54 0.98 ± 0.02 1.78 ± 0.19 Haploid
Gy 10 205.7 ± 0.99 2.48 ± 0.08 3.59 ± 0.47 Diploid

Note: S1, spontaneous diploids in Group S; S2, haploid embryos in Group S.
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the sire. Alleles at 195 bp and 215 bp were observed at locus
Psp-29 in the female P. spathula (the parent of gynogenetic

offspring) while allele 190 bp was characteristic for the male
sperm donor at the same locus (Table 4). Similarly, micro-
satellite locus Psp-32 in groups S, Gy, and C showed the

maternal genome in all samples. At locus Psp-18, two alleles of
164 and 185 bp were observed in S and Gy, similar to the
maternal fish, while in the paternal A. schrenckii, two alleles

(150 and 158 bp) were found.

Discussion

Techniques for chromosome manipulation have been success-
fully applied to induce diploid gynogenesis in P. spathula
using UV-irradiated heterospecific sperm to activate eggs,

followed by second polar body restoration treatment as
described by Mims et al. (1997) and Zou et al. (2011). In the
present study, gynogenetic P. spathula larvae were also

produced by (i) spontaneous diploidization of the maternal
chromosome set after initiation of gynogenesis by fertilization
with genetically inactived A. schrenckii sperm; and (ii) distant

hybridization in P. spathula, by fertilizing their eggs with
normal A. schrenckii sperm, then heat-shocking the embryos
to duplicate chromosomes, which are reported for the first

time in P. spathula.
At present, the low incidence of SDM has been observed

during induction of gynogenetic haploid white sturgeon (Van
Eenennaam et al., 1996), sterlet (Fopp-Bayat and Woznicki,

2007; Fopp-Bayat et al., 2007), and Siberian sturgeon (Fopp-
Bayat, 2007). The mechanism of SDM induction has been
studied (Thompson et al., 1981; Flajshans et al., 1993; Cherfas

et al., 1995), and is most commonly associated with suppres-
sion of the second meiotic division (Ezaz et al., 2004).
However, cytogenetic confirmation of diploid status had not

been provided in fish. The present paper is the first well-
documented case of spontaneous gynogenesis following egg
fertilization with genetically inactivated heterospecific sperm.
Without irradiation, A. schrenckii spermatozoa appeared to

activate the P. spathula eggs (up to gastrulation), but did not
result in viable hybrids, chromosome analysis showed that the
embryos were haploids with approximately 60 chromosomes

(Zou et al., 2011). Additionally, it has been observed from
cytology of P. spathula ($) · A. schrenckii (#), that, at insem-
ination, an A. schrenckii sperm entered a P. spathula egg, and

its nucleus was condensed near the female pronucleus but did
not fuse with it (data not shown). The sperm merely activated
egg development and the embryos developed into haploids,
which eliminated the possibility that the genome of hetero-

specific sperm affected gynogenetic progeny. Therefore, gyno-
genetic diploid P. spathula induced by fertilization with

normal A. schrenckii sperm and subsequent heatshock can be
successfully.

Since A. schrenckii has 238 ± 8 chromosomes and is

considered as a functional tetraploid species (Ludwig et al.,
2001), while P. spathula has approximately 120 chromosomes
and is considered diploid (Ludwig et al., 2001; Mims and

Shelton, 2005), it is straightforward to identify gynogenetic fry
through chromosome analysis or counting alleles. All gyno-
gens tested in our study possessed maternal characteristics with

a diploid chromosome complement of approximately 120
chromosomes. Therefore, gynogenetic fry were precisely iden-
tified by chromosome and ploidy level analysis. Although
gynogenesis can be proven indirectly by restoring diploidy,

exclusive maternal inheritance should be confirmed with
molecular markers (Morishima et al., 2001; Flynn et al.,
2006; Tvedt et al., 2006). In the present study, microsatellite

DNA analysis was applied for verification of unipaternal
inheritance in the gynogenetic diploid group of fish. All the
analyzed gynogenetic diploids in the experimental fish pos-

sessed only maternal genotypes.
In summary, both spontaneous gynogenesis and distant

hybridization followed by heatshock induced gynogenesis in

P. spathula were effective methods. The results of the present
study demonstrated that gynogenesis of P. spathula holds
great potential for population enhancement, and will encour-
age future research.

Acknowledgements

This study was supported by the Compensation Foundation
for the Upper Yangtze Nature Reserve of China Three Gorges
Project Corporation (No. 0714085, No. 0714094), the National

Natural Science Foundation (No. 30490231) and CENAKVA
(No. CZ.1.05 ⁄ 2.1.00 ⁄ 01.0024). We greatly appreciate the
review and many subsequent editorial suggestions from Prof.
Dr. H. Rosenthal and Prof. Alan Pike. We are grateful to

Yunfang Xu, Dengqiang Wang, and Yi Xiao from the Yangtze
River Fisheries Research Institute for their suggestions. We
also thank Mr. Yang Jun of Hubei Hengsheng Sturgeon

industrial Co., Ltd for his assistance.

References

Chen, S. L.; Tian, Y. S.; Yang, J. F., 2009: Artificial gynogenesis and
sex determination in the half-smooth tongue sole (Cynoglossus
semilaevis). Mar. Biotechnol. 11, 243–251.

Table 4
Microsatellite genotypes at three loci in progeny of Group C, S and Gy. Group C: normal diploid Polyodon spathula; Group S: spontaneous
diploid Polyodon spathula; and Group Gy: gynogenetic diploid Polyodon spathula by hybridization

Locus Group
Male P. spathula
genotype

Male A. schrenckii
genotype

Female
genotype Microsatellite genotypes in progeny (numbers)

Psp-18 C 164 ⁄ 180 – 164 ⁄ 185 164 ⁄ 164 (3) 164 ⁄ 185 (8) 185 ⁄ 180 (9)
S – 150 ⁄ 158 164 ⁄ 185 164 ⁄ 164 (3) 185 ⁄ 185 (4) 165 ⁄ 185 (13)
Gy – 150 ⁄ 158 164 ⁄ 185 164 ⁄ 164 (2) 185 ⁄ 185 (4) 165 ⁄ 185 (14)

Psp-29 C 198 ⁄ 210 – 195 ⁄ 215 195 ⁄ 198 (5) 195 ⁄ 210 (7) 215 ⁄ 210 (8)
S – 190 ⁄ 190 195 ⁄ 215 195 ⁄ 195 (5) 195 ⁄ 215 (11) 215 ⁄ 215 (4)
Gy – 190 ⁄ 190 195 ⁄ 215 195 ⁄ 195 (7) 195 ⁄ 215 (10) 215 ⁄ 215 (3)

Psp-32 C 165 ⁄ 200 – 170 ⁄ 200 170 ⁄ 165 (9) 170 ⁄ 200 (8) 200 ⁄ 200 (3)
S – 120 ⁄ 140 170 ⁄ 200 170 ⁄ 170 (2) 170 ⁄ 200 (10) 200 ⁄ 200 (8)
Gy – 120 ⁄ 140 170 ⁄ 200 170 ⁄ 170 (5) 170 ⁄ 200 (9) 200 ⁄ 200 (6)

508 Y. C. Zou et al.



Cherfas, N. B.; Rothbard, S.; Hulata, G.; Kozinsky, O., 1991:
Spontaneous diploidization of maternal chromosome set in
ornamental (koi) carp, Cyprinus carpio L. J. Appl. Ichthyol. 7,
72–77.

Cherfas, N. B.; Gomelsky, B.; Ben-dom, N.; Hulata, G., 1995:
Evidence for the heritable nature of spontaneous diploidization in
common carp, Cyprinus carpio L., eggs. Aquac. Res. 26, 289–292.

Doroshov, S. I.; Clark, W. H.; Lutes, P. B.; Swallow, R. L.; Beer, K.
E.; McGuire, A. B.; Cochran, M. D., 1983: Artificial propagation
of the white sturgeon (Acipenser transmontanus Richardson).
Aquaculture 32, 93–104.

Ezaz, T.; Mcandrew, B. J.; Penman, D. J., 2004: Spontaneous
diploidization of the maternal chromosome set in Nile tilapia
Oreochromis niloticus L., eggs. Aquac. Res. 35, 271–277.

Flajshans, M.; Kvasnicka, P.; Rab, P., 1993: Genetic studies in tench
(Tinca tinca L.): high incidence of spontaneous triploidy. Aqua-
culture 110, 243–248.

Flynn, S. R.; Matsuoka, M.; Reith, M.; Martin-Robichaudand, D. J.;
Benfey, T. J., 2006: Gynogenesis and sex determination in
shortnose sturgeon (Acipenser brevirostrum Lesuere). Aquaculture
253, 721–727.

Fopp-Bayat, D., 2007: Spontaneous gynogenesis in Siberian sturgeon
(Acipenser baeri Brandt). Aquac. Res. 38, 776–779.

Fopp-Bayat, D.; Woznicki, P., 2007: Spontaneous and induced
gynogenesis in sterlet (Acipenser ruthenus Brandt). Caryologia
60, 315–318.

Fopp-Bayat, D.; Kolman, R.; Woznicki, P., 2007: Induction of meiotic
gynogenesis in sterlet Acipenser ruthenus using UV-irradiated
bester sperm. Aquaculture 264, 54–58.

Freshney, R. I., 2000: Culture of animal cells – a manual of basic
technique, 4th edn. Wiley-Liss, John Wiley and Sons, incorpo-
rated Publish, New York, USA, pp. 577.

Heist, E. J.; Nicholson, E. H.; Sipiorski, J. T.; Keeney, D. B., 2002:
Microsatellite Markers for the Paddlefish Polyodon spathula.
Conserv. Genet. 3, 205–207.

Lou, Y., 2001: Fish breeding. Chinese agricultural Publishing House,
Beijing. [In Chinese].

Ludwig, A., 2008: Identification of Acipenseriformes species in trade.
J. Appl. Ichthyol. 24(S1), 2–19.

Ludwig, A.; Belfiore, N. M.; Pitra, C.; Svirsky, V.; Jenneckens, I.,
2001: Genome duplication events and functional reduction of
ploidy levels in sturgeon (Acipenser, Huso and Scaphirhynchus).
Genetics 158, 1203–1215.

Mims, S. D.; Shelton, W. L., 2005: Paddlefish. Am. Fish. Soc. Symp.
46, 227–249.

Mims, S. D.; Shelton, W. L.; Linhart, O.; Wang, C., 1997: Induced
meiotic gynogenesis of paddlefish Polyodon spathula. J. World
Aquac. Soc. 28, 334–343.

Morishima, K.; Nakayama, I.; Arai, K., 2001: Microsatellite-centro-
mere mapping in the loach, Misgurnus anguillicaudatus. Genetica
111, 59–69.

Peng, Z.; Ludwig, A.; Wang, D.; Diogo, R.; Wei, Q.; He, S., 2007: Age
and biogeography of major clades in sturgeons and paddlefishes
(Pisces: Acipenseriformes). Mol. Phylogenet. Evol. 42, 854–862.

Pourkazemi, M., 1996: Molecular and biochemical genetic analysis of
sturgeon stock from the south Caspian Sea. Ph.D. Thesis, School
of Biological Sciences, University of Wales, Swansea, pp. 260.

Saber, M. H.; Noveiri, S. B.; Pourkazemi, M.; Yarmohammadi, M.,
2008: Induction of gynogenesis in stellate sturgeon (Acipenser

stellatus Pallas, 1771) and its verification using microsatellite
markers. Aquac. Res. 39, 1483–1487.

Thompson, D.; Purdom, C. E.; Jones, B. W., 1981: Genetic analysis of
spontaneous gynogenetic diploids in the plaice Pleuronectes
platessa. Heredity 47, 269–274.

Tvedt, H. B.; Benfey, T. J.; Martin-Robichaud, D. J.; McGowan, C.;
Reith, M., 2006: Gynogenesis and sex determination in Atlantic
Halibut (Hippoglossus hippoglossus). Aquaculture 252, 573–583.

Van Eenennaam, A. L.; Van Eenennaam, J. P.; Medrano, J. F.;
Droshov, S. I., 1996: Rapid verification of meiotic gynogenesis
and polyploidy in white sturgeon Acipenser transmontanus Rich-
ardson. Aquaculture 147, 177–189.

Wang, G. T.; Lapatra, S.; Zeng, L. B.; Zhao, Z. S.; Lu, Y. N., 2004:
Establishment, growth, cryopreservation and species of origin
identification of three cell lines from white sturgeon Acipenser
transmontanus. Methods Cell Sci. 25, 211–220.

Wei, Q. W.; Ke, F.; Zhang, J.; Zhuang, P.; Luo, J.; Zhou, R.; Yang,
W., 1997: Biology, fisheries, and conservation of sturgeons and
paddlefish in China. Environ. Bio. Fish. 56, 241–255.

Wu, X., 2005: The loss of genetic diversity in the Chinese paddlefish
Psephurus gladius Martens as revealed by DNA fingerprinting. J.
Genet. 84, 323–325.

Wu, Q. J.; Chen, D. R.; Ye, Y. Z.; Ke, H. W., 1981: Study on
establishment of close-breeding line by induced gynogenesis in
carp (Cyprinus carpio). J. Genet. 8, 50–55. [In Chinese with
English abstract].

Ye, Y. Z.; Wu, Q. J., 2003: Preliminary studies on artificial haploid
breeding of Bighead Carp Aristichthys nobilis. Acta Hydrobiol.
Sin. 27, 106–107.

You, F.; Lu, J.; Wang, X. C., 2001: Study on the embryonic
development and early growth of triploid and gynogenetic diploid
left-eyed flounder Paralichthys olivaceus. Chin. J. Oceanol.
Limnol. 19, 147–151. [In Chinese with English abstract].

Zhang, H.; Wei, Q. W.; Du, H.; Shen, L.; Li, Y. H.; Zhao, Y., 2009: Is
there evidence that the Chinese paddlefish (Psephurus gladius) still
survives in the upper Yangtze River? Concerns inferred from
hydroacoustic and capture surveys, 2006–2008 J. Appl. Ichthyol.
25(Suppl. 2), 95–99.

Zhu, B.; Que, Y.; Yang, Z.; Chang, J., 2008: A review on genetic
studies in sturgeon and their trade control in China. J. Appl.
Ichthyol. 24(S1), 29–35.

Zou, Y. C.; Wei, Q. W.; Pan, G. B.; Shen, L.; Hu, J., 2009: Preliminary
studies on induction of meiotic gynogenesis in paddlefish (Poly-
odon spathula) using UV-irradiated Amur sturgeon (Acipenser
schrenckii) sperm. J. Fish. Sci. China 16, 728–733. [In Chinese
with English abstract].

Zou, Y. C.; Wei, Q. W.; Pan, G. B., 2011: Induction of meiotic
gynogenesis in paddlefish (Polyodon spathula) and its confirma-
tion using microsatellite markers. J. Appl. Ichthyol. 27, 496–500.

Author�s address: Qiwei Wei, Key Laboratory of Freshwater Biodiver-
sity Conservation and Utilization, Ministry of Agri-
culture of China, Yangtze River Fisheries Research
Institute, Chinese Academy of Fisheries Science, No.
41 Jianghan Road, Shashi District, Jingzhou City,
Hubei Province 434000, China.
E-mail: weiqw@yfi.ac.cn

Production of gynogenetic diploid P. spathula 509


