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Abstract 
 
Sterlet sturgeon has been identified as a vulnerable species in the IUCN criteria, which 
is currently lack in most propagation and rehabilitation centers of Iran. This study was 
conducted with the aim of creating male sterlet sturgeon using gyneogenesis induction 
without using semen of this sturgeon. Siberian sturgeon, Acipenser baerii sperm was 
used in this study. To inactivate the sperm DNA, 473 µW/cm2 UV irradiation was used 
for 90 seconds to maintain sperm motility for the fertility of the ovum. For 
diploidization of activated eggs, 34°C heat shock was used for 2 minutes, 15 minutes 
after activation. In this case, fertilization and hatching rate in the gynogenetic progeny 
were 59.5% and 41.6%, respectively. Sterlet sturgeon gynogenetic progeny was 
confirmed using microsatellite markers (AFU68 and AFUG9), which had only maternal 
heritability. Gynogenetic progeny was analyzed by histology of gonads at the age of 17 
months. The results showed that both male and female sexes of sterlet sturgeon were 
created, but these progenies had different sex ratios.   

 

Introduction 
 

Sterlet, Acipenser ruthenus belongs to the smallest, 
freshwater species of Acipenseridae. Under aquaculture 
conditions, this species reaches sexual maturity at 
approximately 3–6 years old, which is the earliest among 
all the sturgeons. It has originally inhabited the rivers 
flowing into the Caspian, Black, Baltic, White, Barents, 
and Kara Seas, and the Sea of Azov (Fopp-Bayat & 
Ocalewicz, 2015). Currently, all the sturgeon species, 
including sterlet, are highly endangered due to water 
pollution, construction of the dams, and overfishing, 
and they are on the Red List of Threatened Species IUCN 
(Gessner et al., 2010). 

Some traits including freshwater habitat, small 
size, and relatively early sexual maturation make the 
sterlet good model species in studies concerning 
genome manipulations in the sturgeons (Fopp-Bayat & 
Ocalewicz, 2015).  

The shortage of male broods in most of the 
sturgeon stocks rehabilitation centers of Iran may have 
contributed to the lack of propagation and conservation 
of these valuable species (according to personal 
communications from the deputy director of the Iranian 
Fisheries Organization). Genetic manipulations, 
especially meiotic gynogenesis, can restore endangered 
species. Artificially induced gynogenesis includes 
inactivation of the paternal DNA in spermatozoa, then 
the eggs were activated by the spermatozoa with 
inactivated DNA, and finally, exposition of the activated 
eggs for the temperature or pressure shock inhibiting 
releasing of the second polar body (meiotic 
gynogenesis) or suppressing the first mitotic cleavage 
(mitotic gynogenesis) (Komen & Thorgaard, 2007). 
Gynogenesis plays an important role in conserving the 
maternal genome when only female gametes (eggs) are 
available (Pandian & Koteeswaran, 1998; Omoto et al., 
2005; Saber et al., 2014). In this case, the development 
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of the egg (embryogenesis) occurs with a non-irradiated 
or irradiated heterologous spermatozoon (Peruzzi & 
Chatain, 2000). The advantages of using heterologous 
sperm in gynogenesis induction are to reduce the 
possibility of contamination associated with the use of 
homologous sperm (Pandian, 2011) or 
photoreactivation (Ijiri & Egami, 1980, Dorafshan et al., 
2006). On the other hand, the use of the UV-irradiated 
heterologous sperm provides the possibility that, if UV-
irradiation penetration is not sufficient to destroy the 
sperm DNA, it remains healthy, which, in the case of 
hybrid production, can be a suitable phenotype marker 
to detect gynogenetic from non- gynogenetic progenies 
(Pandian, 2011). 

Application of the motile spermatozoa with UV-
inactivated nuclear genome for the eggs activation 
results in the development of haploid gynogenetic 
individuals. This technique has been applied in the 
researchs concerning the sex-determination system in 
fish, providing homozygous fish lines and fish for the 
breeding programs (Arai, 2001; Devlin & Nagahama, 
2002). Gynogenesis has been induced in some sturgeon 
species (VanEenennaam et al., 1996; Flynn et al., 2006; 
Fopp-Bayat, 2007; Fopp-Bayat et al., 2007; 
HassanzadehSaber et al., 2008; Saber et al., 2014) to 
obtain offspring with the only maternal inheritance that 
can be used as gamete donors for the production of all-
female stocks. In sturgeons, females are heterogametic 
(WZ genotype) (VanEenennaam et al., 1999; Omoto et 
al., 2005; Flynn et al., 2006; Fopp-Bayat, 2010; Saber & 
Hallajian, 2014; Fopp-Bayat et al., 2018) and 
gynogenesis induction can be supposed to generate 
‘super females’ (WW genotype) that subsequently 
crossed with the normal males (ZZ genotype) to give all-
female offspring. On the other hand, gynogenesis 
induction in the sturgeon with a female heterogamety 
sex-determination system and the presence of both W 
and Z zygotes in female breeders could exclude from 
extinct in the wild (EW) sturgeon species to create both 
female and male sexes (Omoto et al., 2005; Komen & 
Thorgaard, 2007; Grunina et al., 2011; Zou et al., 2011; 
Saber et al., 2014; Nowosad et al. 2015).  

The aim of this study was to establish the sex of 
male sterlet sturgeon using gynogenesis induction 
through heterologous sperm (Siberian sturgeon) to 
protect this valuable species. On the other hand, the 
heterologous sperm of Siberian sturgeon can be used as 
a model to protect other sturgeons by inducing 
gynogenesis. Also, both males and females can be 
produced with only one female breeder. 

 

Materials and Methods 
 

Sampling, Experimental Design, and Sexual Maturation 
  

This study was conducted in April of 2017 at the 
Rearing Site of the International Sturgeon Research 
Institute of the Caspian Sea (Rasht, Iran). Before 

sampling gametes, sterlet breeders were anesthetized 
by clove powder and all efforts were made to minimize 
suffering. A female breeder of sterlet sturgeon at the 
age of 5 years with an average body weight of 1000 g 
and a male breeder of Siberian sturgeon at the age of 6 
years with an average body weight of 7000 g (as 
heterologous) were isolated for providing eggs and 
spermatozoa to induce gynogenesis. The data on kinds 
of treatments, shock temperature, and its duration, 
fertilization, and hatching rate are summarized in 
Table 1. The experiment included a diploid control 
group, a hybrid control group (untreated sterlet 
sturgeon eggs and untreated Siberian sturgeon sperm), 
a haploid control group to determine the efficiency of 
UV inactivation of the sperm (untreated eggs and UV-
irradiated sperm), a triploid control group to determine 
the efficacy of second polar body retention (heat-
shocked eggs and untreated sperm), and a treatment 
designed to induce gynogenesis (heat-shocked eggs and 
UV-irradiated sperm). According to the temperature of 
the water (15°C), Ovulation in the female breeder 
(sterlet sturgeon) was induced using the synthetic GnRH 
(Samen Pharmaceutical Company, Mashhad, Iran) at a 
rate of 10 mg/kg BW in two steps, in the first stage, 20% 
and after 6 hours, the hormone remained was injected 
into the dorsal muscle. In the Siberian sturgeon, the 
GnRH injection was performed at a single stage 
(simultaneously with the second injection of the female) 
at a rate of 20 mg/kg BW. Then sperm and oocytes were 
respectively extracted from males and females 
(Pourdehghani et al., 2010). 

 
Sperm DNA Destruction by UV-irradiation 
 

After stripping out of sperm of male breeder 
(Siberian sturgeon), seminal fluid was separated by 
centrifuging (Labofuge 200, Heraeus, GmbH, Germany) 
twice at 5000 rpm for 5 min. According to Hassanzadeh 
Saber et al. (2008), for UV irradiation, 0.1 ml of fresh 
primary sperm sample was diluted with 0.9 ml of 
seminal fluid (1:9). Diluted sperm (1 ml) was spread on 
a Petri dish. The Petri dish was placed on a gently 
rotating platform (90 rpm) below a UV source, which 
provided an incident light intensity of 473 µW/cm2 UV 
(UVG-54, UVP, Upland, CA, USA) for 90 s. The UV 
apparatus was covered with black plastic to contain the 
UV light and to prevent the photoreactivation of sperm 
DNA (Saber et al., 2014). 

 
Sperm Motility Estimation 
 

For sperm motility assessment, 10μl of milt was 
diluted with 500μl of water (activating medium) (Aramli 
et al., 2015). then, the sample of irradiated sperm and 
non-treated sperm sample were simultaneously placed 
on the glass slide and analyzed under the microscope to 
confirm the percentage of motility. 
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Heat Shock and Fertilization 
 

After stripping out of eggs of the female breeder 
(sterlet), 9 ml of 16°C water from the incubation system 
was added to the irradiated sperm suspension and this 
mixture was immediately added to the ova. De-adhesion 
of the egg was conducted using NaCl–tannic acid 
solutions (Feledi et al., 2011). Eggs were approximately 
divided into five equal groups (10 g, ∼900 eggs/each 
group). According to Dettlaff et al. (1993), the value of 
T0 (duration of one mitotic cycle during the period of 
synchronous cleavage divisions) in A. ruthenus was 
0.257, so at this temperature, the heat shock began 15 
min after activation/fertilization in experiments. Eggs 
were transferred to boxes with perforated mesh and 
kept in water at 34°C for 2 min (according to Fopp-Bayat 
et al., 2007). Fertilized eggs were transferred to Weis 
incubators. To avoid photoreactivation, the sperm and 
embryos were stored in the dark for 24 h. Additionally, 
ova quality was checked by fertilization with the 
untreated sterlet sperm. Survival of the developing eggs 
and the viable fry was recorded at different 
developmental stages: fertilization (2 h after fertilization 
a.f) and hatching (6 days a.f.) at 16°C.  

 
Larvae and Fry Rearing 
 

Hatched larvae from each individual treatment 
were transferred to a special system of tanks (1 m in 
diameter and 10 cm in depth each), where they 
remained until sampling for microsatellite DNA analysis. 
Larval feeding was initiated using Artemia nauplii from 
10 days post-hatching, followed by manufactured food 
containing 40% protein and 12% lipid (Faradaneh, 
Shahr-e-Kord, Iran) throughout the duration of the 
experiment (17 months).  

 

Genetic Verification of Gynogenetic Progeny 
 

Thirty fingerlings from putative gynogenetic 
groups and the same numbers from controls were 
randomly selected 3 months after hatching and their fin 
clips and two parental individuals were stored in 96% 
ethanol. Also, 10 specimens were randomly collected 
from the triploid treatment, and their DNA using 
microsatellite Afug9 marker was amplified. Genomic 
DNA for the amplification of two microsatellite markers 
[Afu68 (May et al., 1997) and Afug9 (Welsh & May 
2006)] was extracted (Table 2) according to Hillis & 
Moritz (1990). The reaction mixture was prepared to a 
total volume of 25 μl with 100 n 

g DNA template, 10× polymerase chain reaction 
(PCR) reaction buffer (20 mM Tris–HCl, 100 mM KCl, pH 
8.0 at 25°C; 0.1 mM DDT, 50% Glycerol, 0.5% Tween 20, 
and 0.5% NP-40), 10 pM of each primer, 10 mM of each 
deoxynucleotide triphosphate (dNTP), 25 mM MgCl2, 
and 500U Taq DNA Polymerase (Bio Flux, Tokyo, Japan). 
Double-distilled water was used to bring the reaction 
mixture to the desired final volume. Amplification was 
conducted with a Master cycler ep gradient thermal 
cycler (Eppendorf, Hamburg, Germany), with initial 
denaturation at 94°C for 3 min, followed by 30 
amplification cycles (94°C, 30 s; 60– 62°C, 30 s; 72°C 30 
s), and final elongation at 72°C for 5 min. Aliquots 
containing PCR products and reaction buffer were 
subjected to electrophoresis using a 6% polyacrylamide 
gel, and DNA bands were visualized by the silver staining 
method (Tegelström, 1986). Electrophoresis was 
conducted on an Amersham Pharmacia Biotech System, 
and the gel size was 18×16 cm. Amplified fragments 
were sized by comparing migration with a DNA 
standard, Gene Ruler™ 50 bp DNA Ladder (Fermentas). 
Specific microsatellite profiles for parents were noted 
and compared to those from experimental groups.  

Table 1. The values of fertilization and hatching rates in haploid, gynogenetic, triploid and hybrid treatments 

Hatching rate (%) Fertilization rate (%) UV irradiation time (Sec.) Treatment 

65.5±0.34 70.7±0.34 0 control 

1.1±0.11 52.1±0.52 90 H90 

41.6±0.46 59.5±0.98 90 G90 

47.9±0.63 67.8±0.8 0 3N 

57.7±0.34 72.3±1.3 0 Hybrid 

Control: diploid control group; Hybrid: untreated sterlet sturgeon eggs and untreated Siberian sturgeon sperm; H90: a untreated eggs and UV-
irradiated sperm; 3N: heat-shocked eggs and untreated sperm; and G90: heat-shocked eggs and UV-irradiated sperm 
 
 
 

Table 2. Characterization of used microsatellite markers for verification of gynogenetic progeny 

Sequenced clone 
size (bp) Primer sequence(5`-3`) Repeat motif 

GeneBank 
Accession No 

Locus  

120 
F: TTATTGGATGGTGTACCTAAAC 

R: AGCCCAACACGACAATATC 
(GATA)13 U72739 Afu-68 1 

165 
F: ATTCCTCCAGCCGTATTATTA 

R: AAGCAGTTAGTTTATGTGGTTGTG 
(GATA)14(GA)2GATA(G

A)2(GATA)6 
AF529447 Afug-9 2 
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The Studied Morphological Parameters in Sterlet, 
Siberian Sturgeon and Their Hybrids 
 

Morphometric characteristics such as total length, 
head length, snout length, mouth width were 
investigated in 10 hybrids and compared with the 
controls.  

 
Histological Verification of Experimental Progeny 
 

Sex identification was performed on 30 
gynogenetic sterlet at 17 months of age. Individual fish 
was put into the rectangular plastic container (400-L 
volume) filled with fresh 15–19°C flowing water and 150 
mg/L clove powder for sedating the fish. The fish were 
then placed on a table for examination. A 20-25 mm 
anterior-posterior incision was made with a sharp 
scalpel (No. 10 straight blade) through the ventral area 
of the body wall. The surgical incision site was located as 
described by Chapman (1989) for white sturgeon 
Acipenser transmontanus. Then, a small biopsy sample 
of the gonad (5-8 mm) was collected by fine forceps. In 
this case, forceps were carefully inserted into the body 
cavity until reaching the gonad. The tissue samples were 
then cut by sharp scissors and fixed in Bouin’s solution 
for the next histological assay. Then after 48 h, samples 
were embedded in paraffin following a schedule to put 
them into alcohol series for dehydration and clearing. 
The blocks were sectioned with a thickness of 6 
micrometers and stained with hematoxylin and eosin for 
histological examination (Amiri et al., 1996; Van 
Eenennaam & Doroshov, 1998; Raji & Norouzi, 2010). 
Sex identification and evaluations of sexual maturity 
were done by observing the prepared samples under a 
light microscope according to Amiri et al. (1996). 

 
Statistical Analysis 
 

All data on the fertilization and hatching rate of the 
gynogenetic and control in the experiments were 
analyzed using SPSS software and one-way analysis of 
variance (ANOVA) with Tukey’s honestly significant 
difference (HSD) test and were expressed as the mean ± 
S.E. Analysis of variance (ANOVA) was used to determine 
significant differences between groups by SPSS20.0. 
When differences were significant, the Duncan test was 
used for comparison. Effects were considered as 
significant at P<0.05. 

 

Results 
 

Sperm Motility, Fertilization and Hatching Rates, and 
Heat Shock Effects on Diploidization 
 

Siberian sturgeon sperm had 80±1.66% forward 
motility with a duration of 318 sec and density of 
1.56×109 ml (Table 3). After exposure of the same sperm 
to UV radiation for 90 seconds, its motility was reduced 
to 50±4.72%, which was significantly different from that 
of the control (P<0.05). 

The fertilization and hatching rates in the diploid 
control group were 70.7% and 65.5%, respectively, while 
these rates in the hybrid control group were 72.3±1.3% 
and 57.7±0.34%, respectively. In the haploid group, the 
UV-irradiated sperm were combined with the sterlet 
sturgeon eggs to indicate that the sperm lacked genetic 
activity. The fertilization and hatching rates in this group 
were 52.1% and 1.1%, respectively. The hatching rate 
was very low in the haploid group, and it also showed 
“haploid syndrome” that died quickly, therefore, the 
ploidy of these progenies could not be determined. 
Mortality of haploid larvae indicated UV irradiation 
effects on inactivation of heterologous sperm DNA. 
Unlike the haploid group, the fertilization rate was 
59.5±0.98% (P<0.05) and the hatching rate was 
41.6±0.46% (P<0.05) in the diploid gynogenetic 
treatment (G90). This indicated that heat shock was very 
effective in the retention of the second polar body and 
diploidization in the gynogen group, as shown in the 
triploid treatment, in which the fertilization rate was 
67.8±0.8% and the hatching rate was 47.9±0.63% 
(P<0.05). The mean fertilization and hatching rates of 
sterlet sturgeon in different treatments are summarized 
in Table 1 and Figure 1.  
 
Genetic Verification of Gynogenetic Progenies and 
Their Parents 
 

The results of the microsatellite DNA analysis 
showed that there was no genetic contribution from the 
paternal genome in the gynogenetic group. Figure 2 
shows the allelic patterns in gynogenetic progeny that 
have been compared with their maternal genome 
(sterlet) and paternal genome (Siberian sturgeon) using 
the Afu68 marker. This marker was monomorphic in the 
gynogenetic group and an allele of 140 bp was observed 
in those groups of fish. The 140-bp allele was 

Table 3. Observed parameters of heterologous Siberian sturgeon sperm 

 Observed parameter Value 

  1 Motility percentage (%) 80 
  2 Motility duration (Sec.) 318 
  3 pH 8.03 
  4 Osmolality (Osm/kg) 152 
  5 Sample volume (ml) 120 
  6 Sperm density (×109 sp/ml) 1.56 
  7 Spermatocrit (%) 13.33 
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characteristic of the maternal genome of the 
gynogenetic offspring, while the male (sperm donor) 
exhibited alleles of a pair of 168 and 161 bp and another 
pair of 126 and 121 bp. 

Figure 3 shows the allelic patterns in gynogenetic 
progeny that have been compared with their maternal 
genome (sterlet) and paternal genome (Siberian 

sturgeon) using the Afug9 marker. This marker was 
monomorphic in the gynogenetic group and alleles of a 
pair of 167 and 147 bp were observed. These alleles 
were characteristic of the maternal alleles of the 
gynogenetic offspring, while the male (sperm donor) 
exhibited alleles of a pair of 190 and 173 bp and another 
pair of 142 and 124 bp. The inherited alleles among all 

 

Figure 1. Comparison of fertilization and hatching rates in haploid, gynogenetic, triploid and hybrid treatments (Control: diploid 
control; Hybrid: female sterlet sturgeon and male Siberian sturgeon; H90: Haploid; 3N: Triploid; and G90: gynogenetic progeny). 

 

 
Figure 2. Allelic pattern of maternal (sterlet: f), paternal (Siberian sturgeon: m) and gynogenetic progeny using microsatellite marker 
Afu68. 
 

 
Figure 3. Allelic pattern of maternal (sterlet: f), paternal (Siberian sturgeon: m) and gynogenetic progeny using microsatellite marker 
Afug9. 
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gynogenetic progenies recognized all of the maternal 
patterns at 167, 147, and 167/147 bp which means no 
genetic contribution from the paternal genome in 
gynogenetic progenies. 

Analysis of triploid progenies and their parents 
using Afug9 microsatellite marker showed that the 
maternal locus has two alleles of 167 and 147 bp, but 
the paternal loci have two alleles of 190 and 173 bp and 
two other alleles of 142 and 124 bp. This locus could 
verify the triploid treatment because all offspring have 
inherited both alleles of the maternal locus as well as 
two alleles of one paternal locus, but 3 specimens have 
inherited the paternal locus of 142 and 124 bp, and 
remained specimens have inherited other locus of the 
father. Therefore, all specimens of triploid treatment 
have four alleles wherein two alleles belonged to the 
mother and the other two alleles are related to the 
father. The observed alleles at microsatellite loci (Afu68 
and Afug9) in the gynogenetic and triploid progeny of 
sterlet are summarized in Table 4.  

 
Comparison of Phenotypic Characteristics of Sterlet, 
Siberian Sturgeon, and Their Hybrids 
 

There was no significant difference in head length 
and mouth width between the hybrids and Siberian 
sturgeon (P>0.05), but there were significant differences 
in total length and snout length of hybrids, Siberian 

sturgeon and sterlet (P<0.05). In general, the hybrids are 
more similar to Siberian sturgeon (Figure. 4).  

 
Sex Identification in the Gynogenetic Progeny 
 

Sex identification on 30 specimens of gynogenetic 
diploid of sterlet showed that 23 (76.6%) specimens 
were female (stage I containing oogonia). The remaining 
7 (23.3%) samples have been recognized as male and 
their gonads contained spermatogonia (Figure. 5). In the 
first year, sterlet fingerlings of all groups in this study 
were kept outdoors without thermal control and their 
growth rate was very low compared to similar ones kept 
indoors with temperature control. 

 

Discussion 
 

In this study, heterologous inactivated sperm 
(Siberian sturgeon) was used to induce gynogenesis, 
which is recommended in sturgeons due to deficiency of 
homologous or poor sperm. As Meng et al. (2016) have 
suggested, if homologous sperm quantity and quality 
are low, heterologous inactivated sperm can be used. 
The role of genetically inactivated heterologous sperm 
in the induction of gynogenesis is the ability to 
distinguish gynogenetic offspring from non-gynogenetic 
or hybrids, as some authors have suggested (Cabrita et 
al., 2008; Lebeda et al., 2018). 

Table 4. Observed alleles at microsatellite loci: Afu-68 and Afug-9 in gynogenetic progeny of sterlet Acipenser ruthenus L. and their 
parents 

The observed alleles (bp) 
Loci ♂ Siberian sturgeon ♀ Sterlet Gynogenetic Triploid 

Afu-68 168/161/126/121 140/140 
140/140 - 

- - 

Afug-9 190/173/142/124 167/147 

167/147 190/173/167/147 

147/147 167/147/142/124 

167/167 190/173/167/167 

- 190/173/147/147 

- 167/167/142/124 

- 147/147/142/124 

 
 
 

 
Figure 4. Comparison of the morphometric characteristics of Siberian sturgeon, sterlet and their hybrid. 
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UV exposure to sperm for 90 seconds in order to 
genetically inactivate it, reduces sperm motility 
compared to the control in this study, the motility rate 
of UV-irradiated sperm reached 50% (control 80%). The 
decrease in sperm motility can be due to increased DNA 
breakage caused by UV-irradiation on sperm and its 
acrosome damage and then structural and functional 
destruction of sperm, as Li et al. (2000) reported that 
short-term exposure of sperm to UV irradiation (254 
nm) caused the destruction of acrosome and flagellum. 
As the dose of UV increased, the damage of the 
acrosome became clearly visible until the majority of 
spermatozoa lost their flagella. Such huge damage made 
the spermatozoa immotile. Lebeda et al. (2014) 
reported that due to the influence of UV irradiation on 
the total volume of spermatozoa, the motility of 
spermatozoa decreases, which may indicate the 
inactivation of sperm DNA. The duration of sperm UV 
irradiation in this study was different from the previous 
study by Saber et al. (2014) (60 seconds), which may be 
due to the different sperm density of individual males in 
this species, As Lebeda et al. (2014) stated, different 
sperm densities in different species and even individual 
males can alter the duration of UV radiation. 

The results of fertilization and hatching in the 
haploid group of sterlet showed that the fertilization 
rate decreased in this group compared to the control. 
Pruski et al. (2009) suggested that reduced motility in a 
UV-irradiated sperm could decrease fertility rates due to 
sperm structural changes. These changes are associated 
with the impact on sperm lipids, proteins, and DNA 
(Vernet et al., 2004; Dietrich et al., 2005). Peroxidation 
of the unsaturated fatty acids within the membrane and 
the attack of reactive oxygen species (ROS) on 
mitochondria could destabilize the sperm membrane 
and impair the mitochondrial energy metabolism, 
thereby affecting sperm motility and fertilizing 
capability (Pruski et al., 2009). 

The highest mortality rate in the haploid group, 
compared to the control, indicates the appropriate UV 
radiation and effective sperm DNA damage, as was 

reported by Saber et al. (2014). Olaniyi & Omitogun 
(2014) stated that decreased survival in haploid groups 
indicates spermatozoa genetic inactivation. A low 
number of hatched larvae in the haploid group displayed 
“haploid syndrome” that died very soon after hatching, 
as reported in many studies (VanEenennaam et al., 
1996; Piferrer et al., 2004; Omoto et al., 2005; Fopp-
Bayat et al., 2007; Xu et al., 2007; Hassanzadeh Saber et 
al., 2008; Saber et al., 2014; Fopp-Bayat & Ocalewicz, 
2015; Pan et al., 2017).  

Unlike the haploid group, the gynogenetic diploid 
group (G90) had higher fertilization and hatching rates, 
indicating a positive effect of heat shock on successful 
retention of the second polar body in eggs, so that 
fertilization and hatching rates of eggs in the triploid 
group confirm this hypothesis. In this study, only one 
female breeder was used due to the low number of 
female sterlet breeders suitable for breeding. The 
quality of female breeders and their physiological 
condition especially synchronization during egg 
releasing is very important (Cassani & Caton, 1985; 
Varadaraj & Pandian, 1990).  

The hybrids derived from the mating between 
female sterlet and male Siberian sturgeon in this study 
had similar phenotypic characteristics to the Siberian 
sturgeon (paternal parent) as observed in the study by 
Ronyai et al. (1991). The presence of hybrids in 
interspecific gynogenetic treatment could be a 
phenotypic marker for the identification of non-
gynogenetic progeny in sturgeon (Saber et al., 2014). 

In sturgeons, studies on the gynogenesis or 
chromosome set manipulations have some limitations 
(Fopp-Bayat et al., 2017). The number of sturgeon 
breeders is small and the fish reach sexual maturity 
relatively late. The survival of sturgeon individuals 
produced within chromosome set manipulations is 
extremely low. Thus, the number of eggs used for the 
gynogenetic experiments should be as high as possible. 
Finally, sterlets produce a small number of eggs, which 
is due to their small size (Fopp-Bayat et al., 2017). Also, 
gynogenesis induction increases the mortality rate, 

 

Figure 5. Histological illustrations of female (left) and male (right) gynogenetic sterlet gonads containing oogonia and 
spermatogonia, respectively 
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which is related to the severity of homozygosity and 
induction of shock during early developmental stages 
(Felip et al., 1999; Fopp-Bayat & Ocalewicz, 2015).   

Microsatellite markers are the most appropriate 
method for confirming gynogenetic progeny and the 
genome heritability of parents and offspring (Fopp-
Bayat, 2008) because they are abundant, codominant, 
have good transferability and high polymorphism in 
animals (Ma et al., 2018). In the present study, two 
microsatellite markers were used that both showed 
maternal inheritance in gynogenetic progeny. 
Hassanzadeh Saber et al. (2008) confirmed the allelic 
similarity in the gynogenetic progeny and the parent of 
the stellate sturgeon (Acipenser stellatus) using two 
microsatellite loci. Thorgaard et al. (1985) and Fopp-
Bayat & Ocalewicz (2015) stated that only two or three 
loci are sufficient to confirm maternal inheritance. 
Maternal allelic inheritance without parental genome 
contribution in gynogenetic offspring of current study 
demonstrates the appropriate effect of UV irradiation 
on sperm and its genetic inactivation and diploidization 
by heat shock, as Fopp-Bayat & Ocalewicz (2015) have 
pointed to this issue. 

Normally, the sex ratio in sterlet is 1:1 (Fopp-Bayat 
et al., 2018) as in other sturgeons (Wuertz et al., 2018; 
Hurvitz et al., 2007; Doroshov et al., 1997). In this study, 
the gonad histological study of gynogenetic fish showed 
that 76.6% of the fish produced were female and only 
23.4% were male, indicating a tendency of sex towards 
female and independent assorting the sex-determining 
gene of the centromere. VanEenennaam et al. (1999) 
suggested when the sex-determining factor is 
independently assorted of the centromere, about 67% 
heterozygotes may be produced and the value may go 
up to 88%. 

Fopp-Bayat et al. (2018) introduced the 
gynogenetic sterlet sex-determination system as female 
heterogamy. In their study, 7% of male gynogenetic 
progeny were induced, whereas in the present study 
23.4% of male progeny have been induced, which may 
depend on the distance the sex-determining gene of the 
centromere (Shelton & Mims, 2012; Arai & Fujimoto, 
2018). 

Most researchers believe that conservation of wild 
stocks and improvement of sturgeon aquaculture 
development can be accomplished through genome 
manipulation techniques (Omoto et al., 2005; Flynn et 
al., 2006; Fopp-Bayat, 2010; Grunina et al., 2011; 
Shelton & Mims, 2012; Saber & Hallajian, 2014; Fopp-
Bayat et al., 2018). Therefore, manipulating the genome 
(induction of gynogenesis) in sterlet sturgeon with 
heterologous sperm could compensate for the problem 
of male shortage in this valuable species and save it from 
extinction. 

 

Conclusion  
 

This study demonstrated the role of inactivated 
heterologous sperm of Siberian sturgeon in producing 

sterlet gynogenetic progeny and other sturgeon. 
Therefore, it is possible to protect this species from 
extinction and to produce both males and females, only 
by having female breeders and the practical results of 
this study can be applied in fisheries management and 
sturgeon rehabilitation centers. 

It is recommended that in future studies, sturgeon 
haploid progenies be diploidized with hydrostatic 
pressure shock. Genetically inactivated sperm of other 
fish (such as bony fish) could also be used to induce 
gynogenesis. 
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