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First Report on Successful 
Triploidy Induction in Clarias 
gariepinus (Burchell, 1822) Using 
Electroporation
Victor Tosin Okomoda1,2*, Lubna Aminath3, Sunday Abraham Oladimeji4, 
Ambok Bolong Abol-Munafi2,3, Alabi Isaiah Korede5, Mhd Ikhwanuddin2, Joshua A. Umaru6, 
Anuar Hassan2,3, Chukwuemeka Onwuka Martins7 & Sheriff Md. Shahreza2,3*

This study investigated the use of electric-shock in inducing triploidy in African catfish Clarias 
gariepinus. To achieve this, three voltages (9, 12, 21 V) were applied for different durations (3, 5, 10 min). 
The shock was initiated approximately three minutes after fertilization followed by incubation in 
ambient temperature. After incubation, hatchability and survival rates were determined while ploidy 
status of the treatment fishes was confirmed in one-month-old fingerlings using the exclusive triploid 
range of the erythrocyte major axis previously reported for the same species (11.9–14.9 μm) and by 
cytogenetic analysis of the chromosome. The results showed triploidy were achieved in 10 to 85% of the 
treatment groups. A consistent trend of decrease in hatchability and an increase in triploidy rate was 
observed with increased electroporation voltages and shock durations. The mean erythrocyte major 
axis length of triploid progenies (3n = 84) was observed to be between 11.3–14.6 μm and was higher 
than the range of 7.0–10.5 μm recorded for diploid progenies (2n = 56). It was concluded that electric 
shock can be used to induce triploidy in African catfish C. gariepinus.

Aquaculture growth is predicated on the need to feed an ever-growing population, hence the development and 
application of modern biotechnological tools to improve production characteristics of fishes. Today, aquaculture 
is prided as the fastest-growing animal food-producing sector in the world1. This progress has been made possible 
through the accumulation of knowledge on the biology of several fish species and its uses to develop advanced 
modern technology2. For instance, the degeneration of three of four meiotic products during the female gamete 
development in animals causes the extrusion of two polar bodies3. The understanding of this process has made 
the artificial induction of polyploidy possible by simply preventing the escape of the polar bodies, hence suppress-
ing the first or second meiotic division4,5.

In nature, many plants and animals have been found to have polyploid status, thereby leading to the phenom-
enon of gigantism6. Polyploidy in the wild has been said to be as a result of the occasional failure of the extrusion 
of the second polar body in wild fertilized eggs7 consequent upon environmental changes or hybrid stabilization8. 
Hence, polyploidy occurs in a wide variety of organisms including plants, insects, mollusk, crustaceans, amphib-
ians, reptiles, fish and mammals9. This has increased the curiosity of scientists to the possibility of artificially 
inducing polyploidy in cultured agricultural animals. Artificial chromosome manipulation techniques were at 
first developed with amphibians10 but later proved to be well suited for other aquatic organisms11. Today, there 
are archives of research on the application of chromosome manipulation techniques in many finfish species using 
diverse shock treatments12–14.
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However, among all chromosome manipulation techniques, the induction of triploidy is one of the best 
ways of producing sterile fishes4,5,15. Although the application of a high dosage of steroid hormones have been 
reported to produce the same effect16; however, triploid fish are preferred for consumption over hormone-treated 
fish17. The advantages of sterility in triploid fish are more obvious when the cultivation period of the fish extends 
beyond sexual maturation. This is because sterility causes energy needed for gamete production to be channel 
into somatic growth18,19. Consequently, this will improve the fish’s flesh quality, reduce mortality and prevent fish 
reproduction thereby minimizing the possible impact of genetic and ecological disorder linked to the interactions 
between wild and cultured fishes11.

There are different techniques for the induction of triploids; some of which have been well described in many 
previous studies4,5,15,20. The various means for suppressing the second meiotic division may include temperature 
shock (heat and cold), pressure shock, chemical shock, and some anesthetics as well as electric shock21. Although 
many of these methods have proved effective in different fishes, however, each method is not without its pros and 
cons. Temperature seems to be the most commonly applied shocks for chromosome manipulation largely because 
of its simplicity, inexpensive nature and its scalability capability for mass production22. However, it is less reliable 
to give consistent and precise results, probably due to the difficulty in applying a controlled temperature homog-
enously on an egg batch4,5. Pressure shock, on the other hand, has been known to give much precise results, 
100% triploidy induction success and reduce larvae mortality; however, it requires more expensive equipment 
for induction to be achieved15. Chemicals and anesthetics have also been reported to suppress the second mitotic 
division in several shellfishes but they are not commonly used in fin fishes5. Electroporation appears to be the 
least common means of polyploid induction21. Only a few studies have reported findings in oyster Crassostrea 
gigas, mussels (Mytilus edulis and M. galloprovincialis)23, coho salmon Oncorhynchus kisutch24,25 and red hybrid 
tilapia (Oreochromis mossambicus × Oreochromis niloticus)19. Hassan et al.19, had earlier stated that electropora-
tion could be a much viable commercial alternative to other shock protocol if optimization is achieved. However, 
the optimization of shock processes is quite complicated by a large number of variables involved. These include 
the time of shock initiation after fertilization, the intensity of shock and duration of the shock to be applied4,12,26.

Among the different aquaculture candidates of the world, the African catfish Clarias gariepinus is consid-
ered one of the most excellent animal models for genetic and developmental studies27. It is popularly cultured 
in West Africa, South East Asia and many parts of the world28. Successful triploidization has been reported in 
many previous studies using temperature shock13,14,29. The advantages of triploidy induction in the African catfish 
C. gariepinus include but not limited to higher post-maturity weight gained, better body composition, higher 
gutted weight, and revenue from sales30,31. The time window in which triploidy can be induced (i.e. the extru-
sion of the second polar body) as reported in many previous studies has been given to be between 3 to 4 min 
post-fertilization. However, to our knowledge, no study on the African catfish has attempted to induce triploidi-
zation using electroporation. This study is therefore aimed at determining the possibility of triploidy induction in 
African catfish C. gariepinus using different electric voltages and shock duration.

Materials and Methods
Twelve sexually mature broodstocks of C. gariepinus (sex ratio 1:1) weighing between 1 kg–1.5 kg were obtained 
from well-known fish farms around the environs of Terengganu in Malaysia. They were transported to and accli-
matized at the Faculty of Food Science and Fisheries hatchery of the Universiti Malaysia Terengganu. The exper-
imental protocols for this study were approved by the Universiti Malaysia Terengganu committee on research. 
All methods used in this study involving the care and use of animals were following international, national, and 
institutional guidelines.

Induced breeding of the catfish was performance following the methods of Hassan et al.19. The reported results 
in this study are combinations of data from three different breeding trials using two pairs of male and female 
brood fish at each instance. In brief, females were injected (using OVAPRIM at 0.5 ml kg−1) and allowed to swim 
for a latency period of nine hours in separate rearing tanks measuring 1 × 2 × 1 m3 each. The eggs were stripped 
from the females and collected in a clean bowl by applying gentle pressure along the abdomen of the fish. The 
male broodstocks were euthanized so the testis can be removed through laceration of the abdominal cavity using 
scissors. Fertilization was then done by mixing the eggs and milt from the testis, followed by activation with water.

The fertilized eggs were then quickly divided and 2 grams (i.e. 1000–1300 eggs) each were spread evenly 
(single layer of eggs) into the plastic strainers contained in the eleven bowls representing nine shock treatments 
and two controls (positive and negative control) designed for this study. The nine treatments used in the study 
were applications of three voltages (9, 12, 21 V) for three different shock durations (3, 5, 10 min). The electric 
field was supplied from ENERGIZER batteries (i.e. 1.5 V and 9 V volts). A 9 V battery was used to supply needed 
electric field to the specified treatments (i.e. eggs shocked with 9 V). To obtain 12 V in this study, a 9 V battery was 
connected in series with two number 1.5 V batteries. Similarly, the 21 V in this study was obtained from a series 
connection of two number 9 v batteries and two number 1.5 V batteries. The rectangular electric probes (positive 
and negative ends) each measuring 50 cm were placed in the opposite edges of the length of the eleven bowls 
(80 × 60 × 40 cm3 each) at about 3 cm below the highest water level (water depth = 30 cm) for the electroporation 
process. Each setup was monitored by a voltmeter and stopwatch to ensure the target voltage and specified time 
are maintained. Electroporation was initiated approximately three minutes post-fertilization which was perceived 
to be the time of extrusion of the second polar body as optimized in many previous studies13,14,29.

To facilitate the transmission of the electric field generated from the batteries, the water in the bowls was 
maintained at 5 ppt salinity level. This was done by diluting seawater with freshwater until 5 ppt is attained. The 
concept of positive control (+ve control) in this study was to determine if the 5 ppt salinity exposure in the 
different treatment groups had any effect on the outcome of this study19. Hence, eggs for the +ve control group 
were only maintained in a similar saline medium (i.e. 5 ppt) for the maximum duration of the shock process in 
the study (20 min), but not subjected to electroporation process. The negative control (−ve control) on the other 
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hand was maintained in freshwater throughout the post-fertilization processes and development. Water temper-
ature (27.55 ± 0.21 °C), pH 7.0 ± 0.31; Dissolved oxygen (5.75 ± 0.12 mg l−1) was optimum for the short dura-
tions of electric shock. After electroporation, the treated and control eggs were transferred into the incubation 
chambers (i.e. aquariums measuring 80 × 60 × 40 cm3 connected to a re-circulatory system) with freshwater for 
further development. The water quality of the incubation chambers in the re-circulatory system were maintained 
at optimum too (Temperature = 27 ± 0.14 °C; pH = 7.5 ± 0.12; Conductivity = 565 ± 0.11 µScm;−1 Total dissolved 
solid = 244 ± 0.70 mgl;−1 Dissolved oxygen = 5.0 ± 0.33 mg l−1).

Fertilization rate in this study were determined using the method and equations described by Okomoda et 
al.32, as shown below:

= ×
Fertilized eggs in the petri dish

Total number of eggs in the petri dish
% Fertilization 100

Hatchability percentage in this study was also gotten as described below.

=
.

.
×

no of hatched larvae
total no of spawned eggs

% Hatchability 100

Upon determination of the hatching rates, the larvae from the control and treatment groups were reared 
according to the different treatments in separate aquarium tanks of 0.5 × 0.5 × 0.5 m3, under similar laboratory 
conditions for four weeks in triplicates. During this time, the larvae were first fed freshly hatched Artemia nauplii 
ad libitum post endogenous feeding for two weeks, followed by a commercial starter diet of 45% crude protein 
until larvae became a month old. The survival and triploidy percentages were then determined. To obtain the 
erythrocyte, blood was collected from the caudal peduncle of ten fish using an 18 gauge needle fitted with a 
heparinized syringe. A dry blood smear was then prepared on a slide according to the method previously speci-
fied by Normala et al.14, and Felip et al.26. The erythrocytes in the slide were observed under a Nikon Eclipse 80i 
compound microscope at 100× magnification. Following Normala et al.14, erythrocyte on the slide was section 
into five different blocks, ten of which were measured for each one block (n = 50 for each slide) making a total 
of five hundred erythrocytes measured for each group characterized. The triploidy status was then determined 
using the exclusive triploid range of the erythrocyte major axis previously reported for the same species which 
is between 11.9–14.9 μm14. Erythrocyte measurement below this range was considered as diploid progenies 
while those above were included in the triploid progenies count. Confirmation of triploidy status was also done 
using chromosome count following methods optimized by Okomoda et al.33 for the same species. In brief, the 
fish samples were injected with freshly prepared 0.05% colchicine (at the rate of 1 mlkg−1) solution and allowed 
to swim in separately aquariums for about 3 hours. Gills of the fish were removed and treated with 0.075KCL 
(1 hr), methanol-acetic acid fixative (three wash of 20 min each) and stained with Giemsa stain (10% for 1 hr). 
Prepared slides were thereafter microphotography using a Nikon Eclipse 80i compound microscope at a magnifi-
cation of 100×. Chromosome identification and counting were done electronically using the Karyotyping Video 
Test Software (Version 3.1). Chromosome number of triploid were 3n = 84 while diploid progenies below were 
2n = 56.

Data from the three breeding trials were pool together (n = 3; i.e. each trial was used as replicates) and ana-
lyzed using MINITAB 14 computer software. Firstly, descriptive statistics were done for the breeding parameters 
such as fertilization, hatchability, survival and triploidy percentages. Means were then separated using Fisher’s 
least significant differences. The Student T-test was however used to separate mean erythrocyte major axis size of 
diploid and triploid progenies.

Results and Discussion
The fertilization percentages of the various treatments, as well as the control batches of eggs, were similar 
(between 94 to 98%) in this study (Table 1). This was somehow expected because the eggs and sperm used for 
breeding were from the same set of broodstocks. According to Ola-Oladimeji34, the similarities in fertilization of 
treatment egg are clear indications of similarities in the quality of gametes used. Also, following the thoughts of 
Hassan et al.19, the consequential effect of the shock process used for triploidization could only be evident after 
the treatment application. Hence, since fertilization was done three minutes before the electric shock, the neg-
ative effects of the shock process could not have been expressed before the shock was applied. The 5 ppt salinity 
medium used in the treatment group also seems not to have affected the outcome of the current study as there 
were no significant differences in all the parameters measured for the negative and the positive control (Table 1). 
This is in line with the findings of Hassan et al.19, and Rodriguez-Montes et al.35 who reported that low (5 ppt) and 
higher salinity concentration (up to 65 ppt) did not affect breeding performance of incubated red hybrid tilapia 
eggs. However, these findings do not invalidate the theory that salinity could be a potential shock process for the 
induction of triploidization in eggs of cultured fishes.

The induction of triploidy through electric shock was affirmed in the current study as all tested treatments 
produced progenies with triploidy status at varying percentages. Triploidy ranges for all treatment were between 
10–85%. A much earlier study by Cadoret23 had reported triploidy rates of between 3–55% when oysters and 
mussels were exposed to an electric field strength of 600 V cm−1 at different duration. The findings of Teskeredvić 
et al.25, also showed that a co-administered electric current of 10 V and a temperature of 26 °C as a shock in 
coho salmon O. kisutch resulted into 100% triploidy induction better than when the shocks were applied alone. 
Recently, Hassan et al.19, reported triploidization success with electroporation to range between 29 and 93% in red 
hybrid tilapia (O. mossambicus × O. niloticus) when 12 V were applied at varying durations. The suppression of the 
extrusion of the second polar body has been explained in different researches using different theories. Researchers 
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like Piferrer et al.4, Pandian and Koteeswaran12, and Maxime15, had respectively suggested alterations in develop-
mental rates; disruption of the microtubules of the meiotic spindle and induced cytoplasmic density changes as 
the underlying mechanisms of triploidy induction. While the underlining mechanism for electric shock remains 
unclear, the effect of the shock could have been expressed in any of the mechanisms described above.

The findings of this study showed a consistent trend of decrease in hatchability and an increase in triploidy rate 
with increased electroporation voltages/shock durations (Table 1). Hence, higher electric shock and durations 
were more efficient for triploid induction but resulted in lower rates of survival. Peruzzi et al.36, Galbreath and 
Samples20 had shown that reduction in thermal shock intensity and duration favored hatchability but decreased 
the number of triploids obtained in the Atlantic cod Gadus morhua and Brook Trout Salvelinus fontinalis respec-
tively. Similarly, longer durations of hydrostatic pressure shocks caused high triploidy induction and mortality 
in Nile tilapia, O. niloticus37. This same phenomenon has played out in the production of triploid salmonids 
using thermal shock in many previous studies [e.g.38–40]. The various observations in all these studies suggest 
that beyond an optimal point, an increase in shock intensity or its duration becomes detrimental to the sur-
vival of the eggs. Oliver et al.41, had observed that beyond the optimal thermal shock of 16 °C at 120 °C minutes 
post-fertilization for 500 °C minutes, survival and hatchability reduced while higher percentages of triploid were 
observed in Burbot Lota lota. This is in contrast with the findings of Teskeredvić, et al.25, who reported exception-
ally high survival (63–98%) and triploidy percentage (100%) with prolonged intervals of co-administered electric 
and temperature shock in coho salmon O. kisutch. Although shock from 21 V for 5 min was most effective in 
inducing triploidization (85%), hatchability, in contrast, was about the lowest in this study (21%). Pradeep et al.42,  
had earlier opined that pursuing the treatment with maximal triploid rates irrespective of the survival of the 
embryo will not be an economical strategy for aquaculture practices. Thus, it may be best to select the suitable 
shock treatment that can give a reasonably high triploidy rate and a substantially better hatchability of embryos38. 
Therefore, the application of 12 V for 10 mins in this study seems to be better for the induction of triploidy in C. 
gariepinus as it gave 50% triploidy and 56.4% hatchability.

The inability to achieve a 100% triploidy rate in this study even at higher treatments may be suggestive that the 
electric shock protocol had not been optimized or the shock process isn’t effective as other shock protocols previ-
ously reported. Teskeredvić et al.24, had earlier stated that uneven distribution of trauma is the resultant cause of 
low triploidy induction success besides other factors like egg size and quality. The above assumption could be true 
for the current study. This is because the electric field applied in the upper layer of the incubation chamber may 
not have efficiently reached all the eggs due to the plastic strainers used as hatching substrates in the study. Future 
studies can then design iron strainers connected directly to the battery terminals for better electric transmission 
to the eggs. Many previous studies have also suggested that the optimum time of shock initiation post-fertilization 
may not be uniform for different shock protocols36,43. In the study by Linhart et al.43, the second polar body was 
withheld at six minutes after fertilization using four minutes hydrostatic pressure shock treatments of 600 kg cm–2 
and resulting in 100% triploidy induction of European catfish. However, using a heat-shock of 41 °C for one min-
ute and at nine minutes after fertilization resulted in 100% triploidy in the same species43. These finding, there-
fore, shows that the time required for initiation of shock treatment was lower using pressure shock compared to 
heat-shock. Similarly, in O. niloticus, Hussain et al.37 found out that to achieve 100% triploidy induction; pressure 
shock needed a longer post-fertilization initiation time of nine minutes; cold-shock, however, was seven minutes 
while the lowest time was observed for heat-shock at five minute post-fertilization. Hence, the non-optimization 
of the timing of shock initiation in the current study may add to why a 100% triploidy percentage was not attained 
in the treated fish. To this effect, the current study may not have presented a complete account of the best protocol 
for electroporation in African catfish egg. However, since indiscriminate reproduction is not a problem in Catfish 
culture, the findings of this study are of great importance as a large proportion of the progenies is likely to display 
growth advantage following the observation of triploids performance in many previous studies. More studies will 
be needed to achieve 100% triploidy using electroporation.

Treatment
Shock duration 
(min)

Fertilization 
rate (%) Hatching rate (%) Survival rate (%) Triploidy rate (%)

9 V 3 96.10 ± 0.73 60.80 ± 3.77b 96.70 ± 0.16a 30.90 ± 0.17d

9 V 5 94.20 ± 0.21 60.90 ± 2.08b 98.40 ± 0.16a 30.43 ± 1.12d

9 V 10 94.10 ± 0.24 41.40 ± 1.44e 97.60 ± 0.07a 20.63 ± 0.95e

12 V 3 98.40 ± 0.11 58.20 ± 2.08c 97.30 ± 0.30a 10.43 ± 1.07 f

12 V 5 95.20 ± 0.24 53.60 ± 1.24d 96.40 ± 1.07a 20.63 ± 0.90e

12 V 10 96.34 ± 0.14 56.40 ± 0.09 cd 95.10 ± 0.31a 50.63 ± 0.25c

21 V 3 95.20 ± 0.40 27.20 ± 0.12 f 95.40 ± 2.11a 70.63 ± 0.15b

21 V 5 96.15 ± 0.13 21.10 ± 2.08 g 94.10 ± 1.76a 85.43 ± 0.17a

21 V 10 97.30 ± 0.44 1.70 ± 1.44 h 70.00 ± 1.07b *

 + ve Control — 95.20 ± 0.02 65.50 ± 0.00a 96.9 ± 0.11a 00.00 ± 0.00 g

− ve Control — 95.51 ± 0.04 63.90 ± 0.00a 94.20 ± 0.08a 00.00 ± 0.00 g

Table 1.  Breeding characteristics and triploidization percentage of C. gariepinus eggs exposed to the different 
protocols of electric shock. Numbers are means ± standard errors. *Unable to assess triploidy percentage due to 
poor hatching and insufficient sample size (n = 2) after two weeks of culture post-hatching. Mean in the same 
row with different superscripts differ significantly (Anova, P ≤ 0.05).
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Erythrocyte characteristic has earlier been proven to be the simplest index of discrimination between trip-
loid and diploid progenies. Although the erythrocytes of the triploid were visibly oval shaped compared to the 
diploids which were rounded (Figure 1), the use of the exclusive triploid range of erythrocyte major axis was 
perceived to be better and very accurate indices of discrimination in this study. This is because 100% of the eryth-
rocytes sampled were all within the range (11.3–14.6 μm) and conformed to the expectation of triploids been 
1.5 times (mean length of 13.12 ± 0.74 μm) the size of diploid counterparts (range between 7.0–10.5 μm; mean 
length of 9.71 ± 1.03 μm) as previously observed in many studies13,29,44. It is also important to state that these fish 
had a chromosome count of 3n = 84 (Figure 2). Although, some studies had identified polyploidy in fishes solely 
using the erythrocyte major axis18,45,46, only recently was the establishment of “exclusive triploid range” proposed 
by Normala et al.14. It has since been established in triploid red hybrid tilapia and found easier to discriminate 
triploid from diploids18. From the result of this study, it is concluded that electroporation can be used in triploidy 
induction of African catfish, C. gariepinus.

Received: 28 November 2019; Accepted: 24 January 2020;
Published: xx xx xxxx

Figure 1.  Erythrocyte morphology of diploid (left) and triploid (right) C. gariepinus. Bar = 10 µm.

Figure 2.  Chromosome of diploid (left) and triploid (right) C. gariepinus (2n = 56 and 3n = 84 respectively). 
Bar = 5 µm.

https://doi.org/10.1038/s41598-020-59389-2


6Scientific Reports |         (2020) 10:2425  | https://doi.org/10.1038/s41598-020-59389-2

www.nature.com/scientificreportswww.nature.com/scientificreports/

References
	 1.	 FAO, 2014. FAOSTAT. Food and Agriculture Organization of the United Nations, Rome, Italy.
	 2.	 Maclean, N. & Penman, D. The Application of Gene Manipulation to Aquaculture. Aquaculture 85, l–20 (1990).
	 3.	 Papini, A. et al. Megasporogenesis and programmed cell death in Tillandsia (Bromeliaceae). Protoplasma. 248(4), 651–662 (2011).
	 4.	 Piferrer, F. et al. Polyploid fish and shellfish: production, biology and applications to aquaculture for performance improvement and 

genetic containment. Aquaculture 293, 125–156 (2009).
	 5.	 Tiwary, B. K., Kirubagaran, R. & Ray, A. K. The biology of triploid fish. Reviews in Fish Biology and Fisheries 14, 391–402 (2004).
	 6.	 Ehrlich, P. R., Holm, R. W. & Parnell, D. R. The Process of Evolution. McGraw-Hill Book publishing, New York. pp. 190–227 (1963).
	 7.	 Thorgaard, G. H. Chromosome set manipulation and sex control in fish. Fish Physiology 9(B), 405–434 (1983).
	 8.	 Legatt, R. A. & Iwama, G. K. Occurrence of polyploidy in the fishes. Reviews in Fish Biology and Fisheries 13, 237–246 (2003).
	 9.	 Barbara, K. M. Breaking down taxonomic barriers in polyploidy research. Trends in Plant Science. 8(12), 582–590 (2003).
	10.	 Gillespie, L. L. & Armstrong, J. B. Production of androgenetic diploid axolotols by suppression of first cleavage. Journal of 

Experimental Zoology 213, 423–425 (1980).
	11.	 Castro, J. et al. Gynogenesis Assessment Using Microsatellite Genetic Markers in Turbot (Scophthalmus maximus). Marine 

Biotechnology 5, 584–592 (2003).
	12.	 Pandian, T. J. & Koteeswaran, R. Ploidy induction and sex control in fish. Hydrobiologia 384, 167–243 (1998).
	13.	 Normala, J. et al. Morphometric variations between triploid and diploid Clarias gariepinus (burchell, 1822). Croatian Journal of 

Fisheries. 75, 113–121 (2017).
	14.	 Normala, J. et al. It Is All In The Blood: Erythrocyte Characterization of Triploid and Diploid African Catfish, Clarias gariepinus. 

Journal of Fisheries and Aquatic sciences. 11(6), 425–431 (2016).
	15.	 Maxime, V. The physiology of triploid fish: current knowledge and comparisons with diploid fish. Fish and Fisheries 9, 67–78 (2008).
	16.	 Dunham, R. A. Production and use of monosex or sterile fishes in aquaculture. Reviews in Aquatic Sciences 2, 1–17 (1990).
	17.	 Strussmann, C. A., Choon, N. B., Takashima, F. & Oshiro, T. Triploidy induction in an antherinid fish, the pejerrey (Odontesthes 

bonariesis). The Progressive Fish-Culturist 55, 83–89 (1993).
	18.	 Hassan, A., Okomoda, V. T. & Nurhayati, M. N., Embryonic Development of Diploid and Triploid Eggs of Clarias gariepinus 

(Burchell, 1822). (Accepted in press in Caryologia) (2018a).
	19.	 Hassan, A., Okomoda, V. T. & Pradeep, P. J. Triploidy induction by electric shock in Red hybrid Tilapia. Aquaculture. 495, 823–830 

(2018b).
	20.	 Galbreath, P. F. & Samples, B. L. Optimization of thermal shock protocols for induction of triploidy in brook trout. North American 

journal of aquaculture 62.4, 249–259 (2000).
	21.	 Pradeep, P. J. (2011). Production of triploidy in red tilapia [Oreochromis mossambicus (Peters, 1852) × Oreochromis niloticus 

(Linnaeus, 1758)]. Ph.D. Thesis. University Malaysia Terengganu, pp. 306.
	22.	 Preston, A. C. et al. Optimisation of triploidy induction in brown trout (Salmo trutta L.). Aquaculture 414, 160–166 (2013).
	23.	 Cadoret, J. Electric field-induced polyploidy in mollusk embryos. Aquaculture 106(2), 127–139 (1992).
	24.	 Teskeredvić, E., Donaldson, E. M., Teskeredvić, Z., Solar, I. I. & Mclean, E. Comparison of hydrostatic pressure and thermal shocks 

to induce triploid in coho salmon (Oncorhynchus kisutch). Aquaculture 117, 47–55 (1993).
	25.	 Teskeredvić, E., Donaldson, E. M., Teskeredvić, Z., McLean, E. and Solar, I. I., Compari son of heat and heat-electro shocks to induce 

triploidy in coho salmon (Oncorhynchus kisutch). Can. Tech. Rep. Fish. Aquat. Sci., 1785: 7 p (1991).
	26.	 Felip, A. et al. Optimal condition for induction of triploidy in the sea bass. Aquaculture 152, 287–298 (1997).
	27.	 Sule, O. D., and Adikwu, I. Embryonic Development in Clarias gariepinus (Buchell, 1822) Under Laboratory Conditions. Animal 

Research International, 1(2) (2004).
	28.	 Hecht, T., Oellermann, L. & Verheust, L. Perspective on clariid catfish culture in Africa. Aquatic Living Resources 9, 197–206 (1996).
	29.	 Karami, A. et al. Effect of triploidization on juvenile African catfish. Aquaculture International 18, 851–858 (2010).
	30.	 Henken, A. M., Brunink, A. M. & Richter, C. J. J. Differences in growth Rate and feed utilization between diploid and triploid African 

catfish. Aquaculture 63, 233–242 (1987).
	31.	 Achegbulu, C. E., Okonji, V. A. & ObiIntl, A. Growth and Economic Performance of Diploid and Triploid African Catfish (Clarias 

gariepinus) in Outdoor Concrete Tanks. International. Journal of Genetics 3(1), 01–06 (2013).
	32.	 Okomoda V. T., Koh I. C. C. & Shahreza M. S. A simple technique for accurate estimation of fertilization rate with specific 

application to Clarias gariepinus (Burchell, 1822). Accepted in press Aquaculture research. Online first view available at http://
onlinelibrary.wiley.com/doi/10.1111/are.13528/full (2017).

	33.	 Okomoda, V. T. et al. Optimization of the cytogenetic protocol for Pangasianodon hypophthalmus (Sauvage, 1878) and Clarias 
gariepinus (Burchell, 1822). Peer J 6, e5712, https://doi.org/10.7717/peerj.5712 (2018).

	34.	 Ola-Oladimeji, F. A. Comparison of fitness traits between reciprocal hybrids and parentals of Clarias gariepinus (Burchell, 1822) and 
Heterobranchus bidorsalis (Geoffroy Saint-Hilaire, 1809). Journal of Pharmacy and Biological Sciences 10, 78–82 (2015).

	35.	 Rodriguez-Montes, G. A. et al. Effect of salinity on three tilapia (Oreochromis sp.) strains: hatching rate, length and yolk sac size. 
International Journal of Aquatic Science 6(1), 96–106 (2015).

	36.	 Peruzzi, S., Kettunen, A., Primicerio, R. & Kaurić, G. Thermal shock induction of triploidy in Atlantic cod (Gadus morhua L.). 
Aquacult. Res. 38(9), 926–932 (2007).

	37.	 Hussain, M. G., Chatterji, A., McAndrew, B. J. & Johnstone, R. Triploidy induction in Nile tilapia, Oreochromis niloticus L. using 
pressure, heat and cold shocks. Theor Appl Genet. 81, 6–12 (1991).

	38.	 Johnstone, R. Induction of triploidy in Atlantic salmon by heat shock. Aquaculture 49, 133–139 (1985).
	39.	 Quillet, E. & Gaignon, J. L. Thermal induction of gynogenesis and triploidy in Atlantic salmon and their potential interest for 

aquaculture. Aquaculture 89, 351–364 (1990).
	40.	 Dube´, P., Blanc, J. M., Chouinard, M. & de la Noue´, J. Triploidy induced by heat shock in brook trout (Salvelinus fontinalis). 

Aquaculture 92, 305–311 (1991).
	41.	 Oliver, L. P. et al. Triploid induction in cultured burbot (Lota lota) using thermal and hydrostatic shock. Aquaculture 515, 734582 

(2020).
	42.	 Pradeep, P. J. et al. Induction of triploidy in red tilapia, Oreochromis mossambicus (Peters, 1852) Oreochromis niloticus (Linnaeus, 

1758) by heat shock treatment under laboratory conditions. J Coast Environ 1(1), 91–102 (2010).
	43.	 Linhart, O., Haffray, P., Ozouf-Costaz, C., Flajshans, M. & Vandeputte, M. Comparison of methods for hatchery-scale triploidization 

of European catfish (Silurus glanis L.). Journal of Applied Ichthyology 17, 247–255 (2001).
	44.	 Dorafshan, S. M., Kalbassi, M. R., Pourkazemi, M., Amiri, M. B. & Karimi, S. S. Effect of triploidy on the Caspian salmon, Salmo 

trutta caspius haematology. Fish Physiology and Biochemistry 34(3), 195–200 (2008).
	45.	 Wolters, W. R., Chrisman, C. L. & Libey, G. S. Erythrocyte nuclear measurements of diploid and triploid channel catfish. J. Fish. Biol. 

20, 253–258 (1982).
	46.	 Benfey, T. J. & Sutterlin, A. M. Triploidy induced by heat shock and hydrostatic pressure shock in landlocked Atlantic salmon 

(.Su[mo s&r). Aquaculture 36, 359–367 (1984).

https://doi.org/10.1038/s41598-020-59389-2
http://onlinelibrary.wiley.com/doi/10.1111/are.13528/full
http://onlinelibrary.wiley.com/doi/10.1111/are.13528/full
https://doi.org/10.7717/peerj.5712


7Scientific Reports |         (2020) 10:2425  | https://doi.org/10.1038/s41598-020-59389-2

www.nature.com/scientificreportswww.nature.com/scientificreports/

Acknowledgements
The authors are indebted to the Faculty of Food Science and Fisheries, Universiti Malaysia Terengganu, Malaysia 
in whose facility this research was conducted. We also acknowledge the help of the technical staff of the 
AKUATROP during the experimental phase of this study.

Author contributions
S.M.S., A.B.A., I.M., H.A. and V.T.O. conceptualized and designed the study, L.A. Experimented and collected 
needed data. V.T.O. wrote the draft of the manuscript with help from O.A.S., A.K.I., U.J. and M.C. in preparing the 
text, figures, and table. All authors reviewed the manuscript and approved it for submission.

Competing interests
We declare that no fund was received for the conduct of this research; hence, we have no conflict of interest what 
so ever (financial or otherwise).

Additional information
Correspondence and requests for materials should be addressed to V.T.O. or S.M.S.
Reprints and permissions information is available at www.nature.com/reprints.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020

https://doi.org/10.1038/s41598-020-59389-2
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	First Report on Successful Triploidy Induction in Clarias gariepinus (Burchell, 1822) Using Electroporation

	Materials and Methods

	Results and Discussion

	Acknowledgements

	Figure 1 Erythrocyte morphology of diploid (left) and triploid (right) C.
	Figure 2 Chromosome of diploid (left) and triploid (right) C.
	Table 1 Breeding characteristics and triploidization percentage of C.




