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Growth improvement through a selection program on African catfish has been conducted in Indonesia but the 

genetic gain achieved was still low. This study was aimed to evaluate the growth and the expression level of 
African catfish growth hormone (CgGH) gene in transgenic Mutiara catfish second generation (G2). Three G1 
transgenic Mutiara broodstock were selected based on CgGH expression level and spawned to produce G2. A pair 

of non-transgenic was provided as control. The identification of G2 transgenic fish was performed using the PCR 
method, while the analysis of CgGH expression level was done by using the semi-quantitative RT-PCR method. 
The results showed that one of the three G1 transgenic fish transmitted the CgGH transgene following the 
Mendelian segregation pattern. The level of CgGH expression in caudal fin, muscle, and liver tissues of G2 fish 

varies among crossing and individuals from the same G1 broodstock. The growth of G2 transgenic Mutiara catfish 
was 3-4 times higher than non-transgenic fish (p  ˂0.05). The feed conversion ratio of G2 transgenic fish were 50.3-
64.5% lower than that of non-transgenic fish. Thus, this CgGH transgenic Mutiara catfish is most likely potential 
to be cultured to increase productivity and efficiency of cultivation. 
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Introduction 
 
Efforts to improve the growth of African catfish 
(Clarias gariepinus) in Indonesia have been 
carried out using traditional selection methods 
in order to produce superior strains, but the 
genetic gain was relatively small [1, 2]. The 
achievement in growth stimulation using 
transgenesis method was higher than selective 
breeding in previous studies [3, 4]. Growth rate 
can drastically be accelerated by over-expressing 
of growth hormone (GH) gene such as reported 

in transgenic coho salmon [5], mud loach [6], and 
Nile tilapia [7]. 
 
The fast-growing character due to over-
expression of GH needs to be inherited 
biologically to the offspring through broodstock 
sexual reproduction. It is expected that Clarias 
gariepinus growth hormone (CgGH) gene can be 
inherited to mutiara catfish transgenic with rapid 
growth characteristic in offspring. The stability of 
the exogenous gene inheritance depends on its 
integration pattern in the host genome. It was 
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known previously that exogenous GH genes 
integrated in broodstock germ cells was capable 
to be inherited and expressed efficiently to their 
offspring [8]. 
 
The exogenous DNA could be integrated on 
more than one site of chromosome hence 
causing variations in transgene expression, as 
shown by variations in body weight of transgenic 
carp [9] and transgenic mice [10]. The growth 
polymorphism phenomena were caused by the 
integration of transgenes on chromosomes in 
the gonadal cells, causing transgenes to be 
activated when integrated on homologous 
chromosomes or, on the other hand, inactivated 
by sex chromosome transcription machines 
when integrated on non-homologous 
chromosomes [10]. 
 
The crossing of female or transgenic males with 
non-transgenic fish was known to cause 
differences in the variation of transgene 
expression on certain tissues [11]. Expression of 
transgenes in offspring was more likely to be 
stable if the female broodstock is in homozygous 
transgenic status [12]. Conversely, the 
hemizygous transgenic broodstock may produce 
low or even absence of expression in the 
offspring while the transgene can also be 
expressed only on one particular tissue [10, 13]. 
 
Production of G2 transgenic mutiara catfish that 
involves the female or male transgenic in fish 
breeding determines the growth diversity 
because of the correlation between transgene 
expression and variation in G2 fish body weight. 
Evaluation of growth phenotypes in terms of fish 
weight, feed conversion ratio (FCR), and analysis 
of CgGH mRNA expression in the offspring of G2 
transgenic catfish was needed to determine the 
stability of transgenic inheritance. Thus, the 
target for this research was increased 
production in transgenic mutiara catfish 
aquaculture with stable inheritance of growth 
characteristics through our proposed 
transgenesis study. 
 
 

Materials and Methods 
 
Screening of transgenic G1 broodstock 
The first generation (G1) of transgenic mutiara 
catfish (one year old, body weight 1-1.6 kg) was 
selected by using the reverse transcription PCR 
method. The total RNA extraction was done from 
20-30 mg of fish caudal fin tissue using High pure 
RNA tissue kit (Roche, Mannheim, Germany) 
according to the manufacturer’s instructions. 
  
The cDNA synthesis was performed using MyTaq 
one-step RT-PCR (Bioline, London, UK). PCR 
amplification was carried out using GoTaq® 
Green Master Mix (Promega, Madison, WI, USA) 
with the following program: first denaturation 
95°C for 5 min; then 30 cycles with denaturation 
95°C for 30 s, annealing 54°C for 30 s, extension 
72°C for 1 min; and final extension at 72°C for 7 
min. The GH primer sequence used was GH-F (5’-
ATGGCTCGAGTTTTGGTGCTGCT-3’) and GH-R (5’-
CTACAGAGTGCAGTTGGAATCCAGGG-3’) [14],  
while the β-actin gene (βAct-F: 5’-ACCGGAGTC 
CATCACAATACCAGt-3’ and βAct-R: 5’-GAGCTG 
CGTGTTGCCCCTGAC-3’) was used as an internal 
control [15]. The products of amplification were 
separated by 1% agarose gel electrophoresis 
method. The G1 transgenic fish should have the 
PCR product of 600 bp. 
 
Production of G2 transgenic catfish and analysis 
of gene transmission 
Three out of 10 G1 transgenic fish were selected 
and used to produce G2 transgenic fish based on 
the level of gonadal maturity. The broodstock of 
G1 fish was mated with four different cross 
treatments including A: female transgenic 1 × 
male non-transgenic 1; B: female transgenic 2 × 
male non-transgenic 2; C: female non-transgenic 
3 × male transgenic 3; and D: female non-
transgenic  4 × male non-transgenic  4 as the 
control. 
 
Spermiation of male and ovulation of female 
were induced by hormonal treatment using 
Ovaprim (Syndel Laboratories Ltd., British 
Columbia, Canada) at a dose of 0.2 and 0.5 mL/kg 
for male and female fish, respectively. Each cross 
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was spawned in a round fiberglass (2 x 1.5 x 1 m3) 
containing 2-3 kakabans (egg-sticking substrate).  
Water temperature was set at 28 ± 1°C using 
water heater with photoperiods of 12 hours light 
vs. 12 hours dark while aeration was provided to 
maintain dissolved oxygen level in water. 
Furthermore, kakabans containing eggs were 
transferred into the glass aquarium (80 x 60 x 50 
cm3) until the eggs hatched. Two days after 
hatching, the G2 larvae were transferred into 
another aquarium. The larvae were fed with 
Artemia nauplii (Mackay, Great Salt Lake, Utah, 
USA) until 10 days old. The juveniles were reared 
until one month old in a cylindrical fiberglass and 
fed on Tubifex worm. 50% water exchange was 
done once a week. 
 
Ten fish from each cross were randomly taken 
for analysis of CgGH transgene transmission by 
PCR method. DNA was extracted from caudal fin 
clipped from one-month-old juvenile. The DNA 
extraction was conducted using the Wizard® 
Genomic Purification Kit (Promega, Madison, WI, 
USA) in accordance with the kit instructions. The 
mixture of PCR reactions for DNA amplification 
was carried out in the final volume of 25 µL 
containing 12.5 µL Go-Taq Green Master Mix 
(Promega, Madison, WI, USA), 1.5 µL of GH-F 
primer (10 µM), 1.5 µL of GH-R primer (10 µM), 
2.5 µL of template DNA, and 7 µL of nuclease free 
water with the same PCR program as in G1 
screening. PCR amplification product was 
separated using 1% agarose gel electrophoresis. 
 
Analysis of CgGH mRNA expression level 
At 2.5 months old, three transgenic G2 fish were 
taken from each cross for analysis of CgGH 
mRNA expression level. Total RNA was extracted 
from caudal fin, liver, and muscle tissue by the 
same method used in the G1 screening. The 
expression level was determined by semi-
quantitative RT-PCR method [16] with the help 
of Image J software (version 1.33) (NIH, 
Bethesda, Maryland, USA). β-actin was used as 
internal control. The maximum gene expression 
of CgGH and β-actin were obtained after the 
amplification process reached the exponential 
phase (total cycle of 20 – 30) and after the 

optimal cycle (before reaching the plateau 
phase). Once the optimum cycle was 
determined, PCR was conducted with three 
different cycle for CgGH and β-actin. The 
determination of the optimization cycle was the 
one that produced the densest DNA band. The 
cycle number of amplifications were 30 and 25 
for GH and actin genes obtained from the 
previous optimization, respectively. 
 
Growth and feed conversion ratio of G2 
transgenic fish 
Transgenic and non-transgenic fishes with body 
weight of 6.61 ± 1.43 g were randomly taken 
from each cross (n = 10, one month old), and 
then reared for 35 days in 50 × 40 × 30 cm3 glass 
aquaria at initial density of 10 fishes. Three 
aquaria were provided for each cross as 
replication. Fishes were fed with commercial 
diet with 33% crude protein content, twice a day 
with an amount of 5% fish biomass. Body weight 
was measured every week. Total water change 
was carried out once a week. Water temperature 
was maintained at 27 ± 1°C using a heater. The 
photoperiod was set to 12 hours light vs. 12 
hours dark. Feed conversion ratio was calculated 
at the end of experiment. 
 
Statistical analysis 
Data were analyzed for the normality and 
homogeneity prior to statistical analysis. One-
way ANOVA and Duncan's multiple distance test 
at p = 0.05 was used to determine statistically 
difference in growth and feed conversion ratio 
between transgenic and non-transgenic catfish. 
 
 

Results  
 

The CgGH gene transmission and mRNA 
expression 
Three G1 fishes having CgGH expression in 
caudal fin tissue were selected to produce G2 
transgenic fish (Figure 1). Using a specific primer 
set for CgGH, the percentage of G2 progenies 
carrying the CgGH transgene was detected. 
However, the proportion of transgenic progenies 
ranged   from   20   to   50%   among   treatments 
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B. 

 
 
Figure 1. Electropherogram result from identification of transgenic broodstock. (A) CgGH (marked with an arrow). (B) β-actin of C. gariepinus. 
Lanes 1-4: broodstock of female; Lanes 5-7: broodstock of male; Lane 8: pCMV-CgGH; M: DNA ladder. 

 
 
Table 1. The CgGH gene transmission and expression level in transgenic Mutiara catfish of second generation. 
 

Crosses Transmission 

(%) 

Relative expression level of the CgGH/β-actin gene 

Fin Muscle Liver 

1 2 3 1 2 3 1 2 3 

A 50 1.11 1.1 1.12 1.11 1.11 1.11 1.13 1.08 1.35 
B 20 1.37 0.96 0 1.13 1.33 0 1.23 0 0 

C 22 1.01 0 0.96 1.05 0 0 0.96 0 1.4 
D 0 0 0 0 0 0 0 0 0 0 

A: female-1 transgenic × male-1 non-transgenic; B: female-2 transgenic × male-2 non-transgenic; C: female-3 non-transgenic × male-3 transgenic; 
D: female non-transgenic × male non-transgenic; 1,2,3: fish number. 

 
 
(crosses) while no DNA product of 600 bp was 
found in non-transgenic fish. The level of 
transgene expression among crosses was shown 
in table 1. One G1 broodstock (cross A) 
transmitted the transgene following the 
Mendelian segregation pattern with 50% of the 
progenies carried the CgGH transgene. 
 
Furthermore, the progenies of A crossing have 
the similar transgene expression level among 
individuals in the three organs observed, while in 
crosses of B and C there were individuals with no 
expression on certain organs. In addition, there 
were no expression in the liver of fish number 2 

in the B cross and in muscle of fish number 3 on 
the C cross (Figure 2). 
 
Growth and feed conversion ratio 
As shown in Figure 3, the average body weight of 
G2 transgenic fish was 3-4 times higher than that 
of non-transgenic control (p ˂  0.05). The average 
body weight of fish progeny from cross A was the 
same as cross C and cross B. In addition, the 
coefficient of variation (CV) of the body weight 
from the progeny of cross A (3.3%) was lower 
than that of B (19.9%) and C (10.4%). 
Furthermore, transgenic fish also had higher 
feed    efficiency.    Feed    conversion    ratio    of 
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Figure 2. Electropherogram of CgGH gene amplification in various fish organ of G2 and β-actin C. gariepinus; M: DNA ladder; A, B, C: G1 transgenic 
crossing; F: fin; MS: muscle; L: liver; P: pCMV-CgGH; No. 1-3: fish sample number. 

 
 
transgenic fish was 50.3 - 64.5% lower than that 
of the non-transgenic fish (cross D). 
 
 

Discussion 
 

The results of the PCR analysis showed that the 
CgGH gene was mainly expressed on the tissue 
(Figure 2). The percentage of CgGH gene 
transmission in the G2 mutiara catfish varied 
among crosses ranging from 20 - 50%. These 
variations showed different patterns of 
integration among crosses. The CgGH gene on 
different tissues also had different expression 
levels among crosses (table 1). 
 
Inheritance of the CgGH gene 
The CgGH transgene can be inherited in G1 and 
G2 progenies, which indicates that the transgene 
has highly integrated into the genome of mutiara 
catfish. However, there were variations of 
transgene transmission rate in G2 transgenic 
fish, which indicated a different pattern of 

integration among crosses. Mendelian 
inheritance pattern is common in transgenic fish 
generation [17-20]. However, in this study 
Mendelian inheritance pattern was only found in 
A cross fish. The low transgene transmission at B 
and C crosses may be related to the 
extrachromosomal condition. This case has also 
been reported by Chen et al. [21] when the 
insertion of the GH gene of transgenic carp on 
extrachromosomal causes failure on the 
transmission of transgenes to the offspring.  
 
CgGH transgene expression 
First transgenic generation having a high 
transgene expression level should be selected to 
produce a stable transgenic line [22]. In this 
study, we selected three lines that expressed the 
transgene in their caudal fin tissue to produce 
the G2 generations. In G2 generation, the 
transgene was expressed in all the examined 
tissues of A cross progenies, while there were 
exceptions in certain tissues of B and C cross fish 
progenies. The absence of transgenic expression 
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Figure 3. Body weight (left) and feed conversion ratio (right) of G2 transgenic mutiara catfish after 35 days of rearing. Data is presented as a mean 
± standard error (replication = 3); Groups with different letters above the bars show significant difference (p ˂  0.05). 

 
 
in certain tissues has also been reported in 
several transgenic fish species such as northern 
pike [23], mud loach [24], and zebrafish [17].The 
possible factor is due to the positional effect 
integration in the chromosome site that 
suppresses its expression [22, 25, 26]. In 
addition, the transgene integrated in 
heterochromatin regions can cause loss of 
expression or low (even absence) transmission 
of transgene to the offspring [21, 27].  
 
Growth performance 
In order to ascertain the benefit of the successful 
expression of the CgGH transgene, the growth of 
both transgenic and non-transgenic fishes for 35 
days of rearing were examined. The results 
showed that the growth of transgenic was 3–4 
times higher than that of non-transgenic fish (p 
˂ 0.05).  The higher growth increment was found 
in A cross progeny, while the coefficient of 
variation of body weight (3.3%) was lower than 
that of the two other progenies (19.86% for B, 
and 10.40% for C progenies). Variations of 
transgene expression level in tissues (table 1, 
figure 2) were thought to be the cause of high CV 
value in body weight of B and C cross progenies.  
In addition, it was reported that the inheritance 
of exogenous GH genes of transgenic carp 
offspring produced higher body weight with 
equally distributed size due to integrated 

transgenes at the homologous chromosome loci 
[12]. On the other hand, a high variation in body 
weight of B and C progenies was probably due to 
the effects of polymorphism of the transgene 
inheritance originating from hemizygous 
transgenic broodstock [28]. 
 
FCR in transgenic mutiara catfish was lower than 
that of non-transgenic fish (Figure 3). Decreased 
FCR in transgenic fish has been reported in some 
transgenic fish species [11, 29-32]. Lower FCR is 
as improvement in feed conversion into body 
proteins of the GH transgenic fish [11, 33]. In 
addition, the transgenic-GH fish efficiently 
converts feed fats and carbohydrates into the 
source of energy for routine metabolic activities 
(sparring action proteins), which maintains the 
sufficiency of metabolic energy requirement.  
 
According to the Mendelian inheritance pattern, 
higher growth and feed efficiency of G2 A cross 
can be used to produce a homozygous 
transgenic generation. The homozygous fish is 
useful for mass transgenic production. In fact, 
the homozygous transgenic has been produced 
for fish species of tilapia [19], trout [34], 
common carp [11], and zebrafish [35]. 
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Conclusion 
 

The CgGH transgene can be inherited to the 
second generation of transgenic fish, although 
transmission rate different among crosses.  
Over-expression of CgGH gene is able to improve 
the growth and feed efficiency in the G2 
transgenic mutiara catfish. 
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