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Introduction 

Gonadotropin-releasing hormone (GnRH) is a neuropeptide 
hormone secreted in the brain that is involved in a variety of 
functions in vertebrates and invertebrates during reproduction. 
In fish reproduction, GnRH acts on pituitary gonadotropes 

to induce the synthesis and release of gonadotropins such as 
follicle stimulating hormone and luteinizing hormone into the 
bloodstream which regulate all gonadal activities, including the 
onset of gonadal development, germ cell development (oogene-
sis and spermatogenesis), sex steroid production, ovulation, and 
spawning (Muñoz-Cueto et al., 2020; Qin et al., 2022; Zohar 
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Abstract
Application of commercial hormone failed to promote breeding in certain Pangasius species due to the differences of gonad-
otropin-releasing hormone specific peptide with species-specific bioactivities. Gonadotropin-releasing hormone (GnRH) is a 
hypothalamic decapeptide in the reproductive system that plays a crucial role in the regulation of reproductive processes. This 
study was performed to determine and analyse the GnRH genes from commercially important Pangasius sp., Pangasianodon 
hypophthalmus and Pangasius nasutus. The GnRH1 and GnRH2 genes were amplified and cloned into TOPO vector, followed by 
phylogenetic analysis of a complete open reading frame (ORF) of GnRH genes. The GnRH1 and GnRH2 genes of P. hypophthal-
mus and P. nasutus were detected at 300 bp and 360 bp, encoded for 81 and 87 amino acids, respectively. Amino acid sequence 
identities revealed high homology of P. hypophthalmus and P. nasutus GnRH1 and GnRH2 genes in comparison with other fish 
and vertebrates. Phylogenetic tree showed that fish from various families were aggregated into a group of the same order due 
to their highest identity similarities. It revealed that the vertebrate formed clusters and are grouped according to their GnRH 
decapeptide and GnRH-associated peptide (GAP) region, indicating a close relationship among GnRH decapeptide and GAP in 
different vertebrate species.
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et al., 2010). Additionally, GnRH also stimulates the release of 
other hormones such as growth hormone, prolactin, and so-
matostatin (Qin et al., 2022; Weber et al., 1997). In vertebrates, 
GnRH is found in three forms; GnRH1, GnRH2, and GnRH3, 
where all vertebrates have at least two forms of GnRH. In fish, 
there are two or three forms of GnRH that consists of differ-
ences not only in the order of their amino acid sequences, but 
they are also differences in embryonic origins, localizations, and 
functions (Amano et al., 1997; Dubois et al., 2001; Muñoz-Cue-
to et al., 2020; Selvaraj et al., 2021). Previous studies stated that 
GnRH2 and GnRH3 were discovered early on the first day after 
fertilization and GnRH1 expression appeared significantly later 
(González-Martinez et al., 2002; Zohar et al., 2022).

This study focuses on two potential pangasius candidates: 
striped catfish, Pangasianodon hypophthalmus (Sauvage 1878), 
this species is presently cultivated and distributed to over 100 
countries globally, and silver catfish, Pangasius nasutus (Bleeker 
1863), a native freshwater fish species that is only found in Ma-
laysia and Southeast Asia, where this species is typically captured 
in the wild and not cultured yet due to the lower survival rate in 
captivity (Tarkan et al., 2020; Zulkiflee et al., 2020). High demand 
for this species has encouraged the application of commercial 
hormone in induced breeding of these species to increase the 
production to meet the market demand. However, some com-
mercial fish especially wild fish failed to induce breeding in cap-
tive environment. This inability to reproduce in captivity due to 
several environmental and social differences between the wild 
and captive environments have disrupted hormonal control at the 
level of the hypothalamus-pituitary-gonadal axis as opposed to 
natural endocrine variations in the wild (Hassin et al., 1997; Milla 
et al., 2021).

The fact that many economically significant finfish do not 
spawn spontaneously in captivity led to the development of 
efficient and cost-effective artificial hormone-based GnRH for 
induced breeding. Previous findings report that the use of salm-
on gonadotropin-releasing hormone (sGnRHa) with a com-
bination of dopamine antagonist (DA) successfully stimulated 
ovulation in cyprinids and catfish species (Rahdari et al., 2014). 
Other studies reported that a single injection of 20 μg/kg Gn-
RHa could induce ovulation in tench (Tinca tinca), whereas two 
injections of 20 μg/kg GnRHa combined with DA were required 
to induce spawning in grey mullet (Mugil cephalus) (Aizen et 
al., 2005; Mehdi & Mousavi, 2011). Although the application of 
commercial hormones offers benefits in terms of potency and 
guaranteed breeding responses, it is still limited in terms of effi-

ciency in some species which resulting in a varying success rate 
and the possibility of spawning failure. 

Information on the reproductive hormones of P. nasutus 
and P. hypophthalmus is still limited, as there has been little 
research on the reproductive biology of these species and none 
has focused on the molecular characterization of the GnRH 
genes. Therefore, this study aimed to determine the molecular 
characterization and phylogenetic classification of GnRH sub-
unit genes in P. hypophthalmus and P. nasutus. The findings of 
this study could initiate the development of a hormone therapy 
that is potentially more effective in aiding reproductive failure 
in P. hypophthalmus, P. nasutus, and other catfish species in cap-
tivity. The DNA sequences could be utilised to develop recom-
binant artificial hormones specifically for catfish species with a 
suitable biological function in stimulating gonad development, 
final oocyte maturation, and spermiation. 

Materials and Methods

Ethical approval 
This research was conducted in an ethical and accordance with 
the code of ethics, following guidelines for the care and use of 
animals. All procedures were performed following the ethical 
rules and protocol approved by the Institutional Animal Care 
and Use Committee of Universiti Putra Malaysia (IACUC Ref-
erence Number: UPM/IACUC/AUP-U027/2022).

Collection of brain samples 
Three prepubertal of P. nasutus (± 400–500 g) were obtained 
from Three Ocean Fishpond & Trading Sdn Bhd Rawang, Ma-
laysia and three prepubertal of P. hypophthalmus (± 500–600 
g) were obtained from Aquaculture Research Centre Puchong, 
Universiti Putra Malaysia. The fish were euthanized using MS-
222 (Sigma-Aldrich, St. Louis, MO, USA). Brains samples were 
collected from each fish, immersed in RNAlaterTM solution 
(Ambion, Austin, TX, USA) and immediately stored at –80℃ 
until further analysis. 

Total RNA extraction and reverse-transcription to cDNA
Total RNA was isolated from each tissue using TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA) according to the manufactur-
er’s instructions. The extracted RNA was resuspended in nucle-
ase-free water. Total RNA concentration was determined using 
Nanodrop spectrophotometer (Thermo Scientific, Madison 
WI, USA) to measure absorbance at A260nm/A280nm. Next, by 
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using QuantiTect® Reverse Transcription Kit (Qiagen, Hilden, 
Germany), 1 μg of total RNA was reverse-transcribed (RT) into 
complementary DNA (cDNA) to serve as a template for poly-
merase chain reaction (PCR) amplification. The first strand of 
cDNA synthesis was carried out in a volume of 20 μL reaction 
mixture (5X Quantiscript RT buffer, Quantiscript Reverse Tran-
scriptase, RT Primer Mix, and RNA) and incubated using Mas-
tercycler Gradient (Eppendorf, Hamburg, Germany) according 
to the manufacturer’s instructions.  

Primers for full-length sequences of GnRH1 and GnRH2 
were designed using OligoAnalyzerTM Tool available via online 
(https://sg.idtdna.com/calc/analyzer) based on the predicted P. 
hypophthalmus GnRH1 and GnRH2 genes (Genbank accession 
numbers XM_026924976.1 for GnRH1 and XM_026929077.2 
for GnRH2). For GnRH3, primers were designed based on 
conserved regions of catfish species, due to the unavailability 
of GnRH3 sequence of the predicted P. hypophthalmus in Gen-
Bank. For an effective DNA amplification, the selected forward 
and reverse primers were analysed to avoid any potential hair-
pin and primer-dimer interactions formed during PCR amplifi-
cation. List of primers used in this study is presented in Table 1.

Amplification of GnRH genes (GnRH1, GnRH2 and GnRH3) in 
P. hypophthalmus and P. nasutus
Polymerase chain reaction (PCR) was performed to amplify the 
cDNA encoding GnRH1, GnRH2 and GnRH3 of P. hypophthal-
mus and P. nasutus using previously designed primers. The PCR 
mixture was prepared in 25 μL final volume using PCR master 
mix (Promega, Madison, WI, USA) containing nuclease-free wa-
ter, 5X green GoTaq® reaction buffer, GoTaq® DNA polymerase, 
10 mM of each dNTPs, 25 mM MgCl2, 1 ng DNA templates, 
and 20 μM forward and reverse primers. PCR amplification 

started with initial denaturation for 3 minutes at 95℃, followed 
by 35 cycles of denaturation at 95℃ for 1 minute, annealing at 
54℃–59℃ and extension at 72℃ for 1:30 minutes. The elonga-
tion phase was prolonged to 10 minutes at 72℃. The amplified 
PCR products were separated on a 1.5% agarose gel, stained with 
DiamondTM Nucleic Acid Dye (Promega), and visualised under 
UV light. The selected fragments of PCR product were purified 
using a GeneJET Gel Extraction Kit (Thermo Scientific).

Gene cloning of full-length cDNA encoding GnRH1 and 
GnRH2 of P. hypophthalmus and P. nasutus
The purified PCR product was cloned into a vector using 
TOPO® TA Cloning kit (Invitrogen) following protocols giv-
en by the manufacturer. The ligated product was transformed 
into competent cell E. coli, TOP 10 (Invitrogen) following heat-
shock process at 42℃ for 30 second and was quickly transferred 
into ice to complete the transformation process. Later, 250 µL 
of a pre-warmed super Optimal Culture medium was added, 
and the tube was shaken horizontally at 200 rpm for an hour 
at 37℃. Finally, approximately 10–50 µL of the transformed 
cells was grown overnight at 37℃ on Luria-Bertani (LB) agar 
(Merck, Darmstadt, Germany) added with 50 μg/mL ampicillin 
(Sigma-Aldrich) and 40 μg/mL of X-gal (MilliporeSigma, Burl-
ington, MA, USA). 

White colonies of positive recombinant clones were chosen 
for PCR screening using specific primers. The positive colonies 
were grown in LB broth (Merck) added with 50 μg/mL am-
picillin and incubated at 37℃ with agitation at 200 rpm. The 
bacteria culture was extracted by centrifuging it at 12,200×g for 
5 minutes, followed by plasmid extraction using the GeneJET 
Plasmid Miniprep kit (Thermo Scientific) following manufac-
turer’s protocols. The DNA samples were then sent to FirstBase 
Laboratories in Malaysia for plasmid sequencing using univer-
sal primers, M13F (–20) and M13R (–20).

Bioinformatic analysis of GnRH1 and GnRH2 of Pangasius 
species
The nucleotide sequences were analyzed using the BLASTn, 
Basic Local Alignment Search Tool, provided by the NCBI 
(National Center for Biotechnology Information, Bethesda, 
MD, USA) website at https://blast.ncbi.nlm.nih.gov/Blast.cgi. 
Multiple alignment was performed to compare similarities be-
tween GnRH1 and GnRH2 of P. hypophthalmus and P. nasutus, 
with other fishes and vertebrates. The similarities of amino 
acids were also evaluated by implanting ClustalW and calcu-

Table 1. Sequence oligonucleotide primers used in polymerase 
chain reaction (PCR) amplification of GnRH genes in 
Pangasianodon hypophthalmus and Pangasius nasutus
Gene of interest Primer sequence Amplicon 

(bp)
Application

GnRH1 Sense CAGGGTGACTGATCAAGGATG ~300 Full-length 
cloningAntisense GAAGCATTTTATTGAAGATC

GnRH2 Sense GATCTTCTCAGACCTGCACAT ~360 Full-length 
cloningAntisense AGGCTATGATGCTTGGGTATG

GnRH3 Sense TGGATCTTAGCAACAGAACGG ND Partial 
cloning Antisense ATGGGCACTTGTCTCCTCAG

GnRH, gonadotropin-releasing hormone; ND, not detected.
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lating the distance matrix. The phylogenetic trees of the two 
genes, GnRH1 and GnRH2, were constructed using the neigh-
bor-joining method with MEGA11 (Molecular Evolutionary 
Genetics Analysis) software. The phylogenetic tree of protein 
was constructed, and bootstrap value was calculated over 1,000 
replicates to evaluate the robustness of the inferred nodes.

Results

Detection of GnRH genes of Pangasius sp. and comparison 
using BLASTn
In the present study, full-length cDNA of GnRH1 and GnRH2 
genes of striped catfish, P. hypophthalmus, and silver catfish, P. 
nasutus were successfully cloned into TOPO TA vector. Based 
on Fig. 1, the full-length of GnRH1 and GnRH2 were detected 
in both species at 300 bp and 360 bp, respectively. However, no 
band was detected for GnRH3 gene in both species. 

For the GnRH1 gene of P. hypophthalmus, BLASTn result 
showed P. hypophthalmus shared the highest percentage iden-
tity 95.38% similar with P. nasutus, followed by 91.45% similar 
with Ictalurus furcatus, 90.26% similar with S. meridionalis and 
88.34% similar with Hemibagrus nemurus. Meanwhile, for the 

GnRH2 gene of P. hypophthalmus, BLASTn result showed P. 
hypophthalmus has the highest percentage identity 93.14% sim-
ilar to P. nasutus, followed by 91.50% similar with Tachysurus 
fulvidraco, 91.19% similar with Ictalurus punctatus and 88.89% 
similar with Clarias gariepinus.

For the GnRH1 gene of P. nasutus, BLASTn result showed 
P. nasutus has the highest percentage identity 96.26% with P. hy-
pophthalmus, followed by 92.81% similar to I. punctatus, 88.12% 
similar with S. meridionalis, 88.52% similar with H. nemurus 
and 84.77% similar with C. gariepinus. Meanwhile, for GnRH2 
gene of P. nasutus, BLASTn result showed P. nasutsu has the 
highest percentage identity 97.84% with P. hypophthalmus, fol-
lowed by 91.69% similar with I. punctatus, 91.03% similar with 
H. nemurus, 90.28% similar with T. fulvidraco and 90.20% simi-
lar with C. gariepinus.

Sequence analysis of GnRH1 and GnRH2 of P. hypophthalmus 
and P. nasutus
For P. hypophthalmus, the full-length cDNA of GnRH1 was 357 
bp (Fig. 2A); consist of 76 bp of 5′ untranslated region (UTR), 
38 bp of 3′ UTR with a polyadenylation signal (AATAAA), 
and 243 bp of an open reading frame (ORF), encoding a pro-

Fig. 1. Agarose gel electrophoresis result of full-length GnRH genes in Pangasianodon hypophthalmus and Pangasius nasutus. 
(1) 100 bp DNA ladder; (2) Full-length polymerase chain reaction (PCR) amplification GnRH1 of P. hypophthalmus; (3) Full-length PCR 
amplification GnRH1 P. nasutus; (4) Full-length PCR amplification GnRH2 of P. hypophthalmus; (5) Full-length PCR amplification GnRH2 
of P. nasutus; (6) Full-length PCR amplification GnRH3 of P. hypophthalmus; (7) Full-length PCR amplification GnRH3 of P. nasutus; (8 & 9) 
Negative control (no template).
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tein precursor of 81 amino acids (aa). Amino acids sequence 
analysis revealed that the prepro-GnRH1 comprised 21 aa of 
predicted signal peptide, 10 aa of GnRH1 decapeptide, 3 aa of a 
proteolytic cleavage site, and 47 aa of GnRH1 associated peptide 
(GAP). Meanwhile, the full-length cDNA of GnRH2 was 382 
bp long (Fig. 2B); consists of 64 bp 5′ UTR, 57 bp 3′ UTR, and 
261 bp of an ORF, encoding precursor of 87 amino acids. Ami-
no acids sequence analysis revealed that the prepro-GnRH2 
comprised 24 aa of predicted signal peptide, 10 aa GnRH1 de-
capeptide, 3 aa of a proteolytic cleavage site, and 50 aa of GAP. 

Both GnRH1 and GnRH2 genes of P. hypophthalmus were de-
posited into GenBank with accession no. OQ685894 (GnRH1) 
and OQ685895 (GnRH2).

For P. nasutus, the full-length cDNA of GnRH1 was 355 bp 
long (Fig. 3A); consists of 73 bp of 5’ UTR, 39 bp of 3’ UTR with 
the polyadenylation signal sequence (AATAAA) and 243 bp of 
an ORF, encoding precursor of 81 amino acids. Amino acids 
sequence analysis revealed that the prepro-GnRH1 comprised 
of 21 aa of predicted signal peptide, 10 aa GnRH1 decapeptide, 
3 aa of a proteolytic cleavage site, and 47 aa of GAP. Meanwhile, 

(A)

(B)

Fig. 2. An open reading frame (ORF) of DNA and amino acid sequences of GnRH1 and GnRH2 in Pangasinodon hypophthalmus. 
(A) Nucleotide sequences of Pangasianodon hypophthalmus GnRH1 are numbered 5’ to 3’ and this sequence has been deposited in 
GenBank nucleotide database, under accession number OQ685894. Putative bioactive peptides are in red. Potential cleavage sites are in 
bold. (B) Nucleotide sequences of Pangasianodon hypophthalmus GnRH2 are numbered 5’ to 3’ and this sequence has been deposited in 
GenBank nucleotide database, under accession number OQ685895. Putative bioactive peptides are in red. Potential cleavage sites are in 
bold.
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the full-length cDNA of GnRH2 was 362 bp long (Fig. 3B); 
consists of 61 bp 5′ UTR, 40 bp 3′ UTR, and 261 bp of an ORF, 
encoding precursor of 87 amino acids. Amino acids sequence 
analysis revealed that the prepro-GnRH2 comprised 24 aa of 
predicted signal peptide, 10 aa GnRH1 decapeptide, 3 aa of a 
proteolytic cleavage site, and 50 aa of GAP. Both GnRH1 and 
GnRH2 genes of P. nasutus were deposited into GenBank with 
accession no. OP104320 (GnRH1) and OP104321 (GnRH2).

Multiple alignment of GnRH1 and GnRH2 of Pangasius sp. 
and other vertebrates
Multiple alignments showed that prepro-GnRH in catfish spe-
cies has a signal peptide, the GnRH decapeptide, the cleavage 
site, and the GnRH associated peptide region (Figs. 4A and 
4B). Comparing the signal peptide and GAP region of GnRH1 
revealed a highly conserved sequence region between catfish 
species, but highly variable sequences between different orders 
of fish and vertebrates, including perciformes, cyprinodon-
tiformes, clupeiformes, anguilliformes, anura, rodentia, and pri-

Fig. 3. An open reading frame (ORF) of DNA and amino acid sequences of GnRH1 and GnRH2 in Pangasius nasutus. (A) 
Nucleotide sequences of Pangasius nasutus GnRH1 are numbered 5’ to 3’ and this sequence has been deposited in GenBank 
nucleotide database, under accession number OP104320. Putative bioactive peptides are in red. Potential cleavage sites are in bold. 
(B) Nucleotide sequences of Pangasius nasutus GnRH2 are numbered 5’ to 3’ and this sequence has been deposited in GenBank 
nucleotide database, under accession number OP104321. Putative bioactive peptides are in red. Potential cleavage sites are in bold.

(A)

(B)
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mates. Multiple sequence alignments showed that the GnRH1 
decapeptides structure pGlu-His-Trp-Ser-His-Gly-Leu-Asn-
Pro-Gly-NH2 (QHWSHGLNPG) are highly conserved in Pan-
gasius sp. and other siluriformes species. The GnRH1 decapep-
tide sequence is fairly conserved at positions 1–4, 6, 7, 9, and 10, 

with one or two variations at positions 5 change to Tyr or Phe 
and at position 8 changed to Ser or Arg in GnRH1 decapeptides 
of other vertebrates (Fig. 4A).

Meanwhile, the GnRH2 decapeptide structure pGlu-His-
Trp-Ser-His-Gly-Trp-Tyr-Pro-Gly-NH2 (QHWSHGWYPG) is 

(A)

(B)

Fig. 4. Sequence alignment of the putative mature peptides GnRH1 and GnRH2 in comparison with other vertebrates. (A) 
Alignment of the putative mature peptide of Pangasianodon hypophthalmus and Pangasius nasutus GnRH1 with other vertebrates. 
Sequence identical are in dots. Signal peptide, amino acids 1–21; Decapeptide, amino acids 22–31; Proteolytic site, amino acids 
32–34; GnRH- associated peptide, amino acids 35–81. Signal peptides are in grey. GnRH1 decapeptide sequences are in red. Potential 
cleavage sites are in blue. GnRH1 associated peptide in black. (B) Alignment of the putative mature peptide of Pangasianodon 
hypophthalmus and Pangasius nasutus GnRH2 with other vertebrates. Sequence identical are in dots. Signal peptide, amino acids 1–24; 
Decapeptide, amino acids 25–34; Proteolytic site, amino acids 35–37; GnRH- associated peptide, amino acids 38–86. Signal peptides 
are in grey. GnRH2 decapeptide sequences are in red. Potential cleavage sites are in blue. GnRH2 associated peptide in black.  
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highly conserved throughout vertebrates for the prepro-GnRH2 
gene without any modification (Fig. 4B). The similar result was 
obtained when comparing the signal peptide and GAP region 
of catfish species with other vertebrates, as there is a highly con-
served sequence of signal peptide within siluriformes order and 
substantially varied sequences when compared to other verte-
brates. However, in the GAP region (position 1–4, 13–19, 21–
27, 36–42), GnRH2 sequences demonstrated a well-conserved 
region not just in the siluriformes order but also within other 
fishes order, but the GAP region was varied when compared to 
amphibia and mammalia. 

Distance matrix and phylogenetic analysis of Pangasius sp. 
Sequence comparison of GnRH peptides among vertebrates 
showed that P. hypophthalmus and P. nasutus for GnRH1 and 
GnRH2 shared high amino acid similarity with their homologs 
(Table 2). P. hypophthalmus and P. nasutus prepro-GnRH shared 
high level of sequence identitiy for GnRH1 and GnRh2 with its 
homology (> 99.7%–100% identity) to the GnRH decapeptide 
of H. nemurus (river catfish), I. punctatus (channel catfish), 
and S. meridionalis (southern catfish). A similar result was ob-
served for GnRH2, with catfish from the same order sharing 
the highest percentage of identities (> 99.6%–99.9% identical) 
when compared to other vertebrates. When comparing GnRH1 
and GnRH2 genes from different classes and orders, from fish 
to mammalian, the degree of sequence similarity appears to be 
decreasing in percentage identity. When comparing GnRH1 
and GnRH2 across vertebrates, the results showed a similar 
decreasing sequence identity trend. The lower number of se-
quence identities can be explained by the less conserved regions 
of peptide structure between its order and peptide sequence, 
which are greatly variable.

Phylogenetic tree was built to illustrate the evolutionary 
relationship between the GnRH genes in P. hypophthalmus, P. 
nasutus and other vertebrates. The phylogenetic tree of GnRH1 
(Fig. 5A) segregated into two separated clades and further sep-
arated into two sister groups. According to multiple alignments 
and the phylogenetic tree, we identified the tree was formed ac-
cording to the differences in the GnRH1 decapeptide. The first 
clade formed into two sister groups, with the first sister group 
having the GnRH1 decapeptide sequence QHWSYGLSPG/
QHWSFGLSPG with the highest bootstrap value (100%) and 
consisting of perciformes and cyprinodontiformes, while the 
second sister group has the decapeptide sequence QHWSYGL-
RPG and consists of the orders anguilliformes, anura, rodentia, 

primates, and clupeiformes. The second clade consist of P. hy-
pophthalmus and P. nasutus, aligned closely with other catfish 
species, including the H. nemurus (river catfish), I. punctatus 
(channel catfish), and S. meridionalis (southern catfish), which 
is consistent with the result of amino acid sequence compari-
son. Clupeiformes cluster together in one root with siluriformes 
due to the fairly conserved GnRH1 decapeptide, as can be seen 
in multiple alignment (QHWSHGLRPG).

Since GnRH2 is highly conserved among the GnRH2 
decapeptide across the vertebrates, the phylogenetic tree is 
formed according to their conserved region in the GAP region. 
Referring to Fig. 5B, the phylogenetic tree of GnRH2 segregated 
into two clades. The result of the phylogenetic tree for GnRH2 
was in line with the result of multiple alignments (Fig. 4B). The 
first clade supported by a high bootstrap value (100%) consist 
of siluriformes, clupeiformes, anguilliformes, perciformes, cy-
prinodontiformes, and anura, having a fairly conserved GAP 
sequence peptide. Meanwhile, another clustered with a boot-
strap value of 100% consists of rodentia and primates, which 
have highly variable GAP peptide sequences.

Discussion

This is the first report of characterization of the full-length 
cDNA gonadotropin-releasing hormone (GnRH) genes, 
GnRH1 and GnRH2, from P. hypophthalmus and P. nasutus. 
The PCR product has clearly shown the efficiency of the de-
signed primers to amplify the targeted genes (Fig. 1). Study 
from Gaillard et al. (2018) reported the expression of the GnRH 
genes is exclusively detected in brain. The GnRH1 mRNA ap-
peared particularly abundant in the diencephalon and at slight-
ly lower levels in the telencephalon and mesencephalon, while 
GnRH2 mRNA found to be predominant in the mesencepha-
lon and present in the diencephalon. However, GnRH3 is not 
detected in P. hypophthalmus and P. nasutus. Previous research 
revealed that fish from the siluriformes order only have two 
types of GnRH, which are chicken GnRH-II (cGnRH-II) and 
catfish GnRH (cfGnRH) (Klausen et al., 2001; Qin et al., 2022). 
Presence of these two putative GnRH peptides is consistent 
with a previous study performed on the closely related species, 
C. gariepinus (African catfish) showing the presence of two 
immunoreactive GnRH forms, identified as catfish GnRH, cf-
GnRH (GnRH1) and cGnRH-II (GnRH2) (Kumar et al., 2005). 
These findings are also supported by Muñoz-Cueto et al. (2020) 
eels and catfish appear to have lost the GnRH3 gene, however 
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GnRH1-expressing neurons have been discovered in the olfac-
tory bulbs and terminal nerve, which appear to substitute for 
the function of the GnRH3. 

Generally, GnRH is all encoded as a preprohormone with 
a typical structure consisting of an UTR signal peptide, GnRH 
decapeptide (which is the bioactive peptide), three amino acid 

cleavage site (GKR), and the GAP (Chaube et al., 2019; Gaillard 
et al., 2018; Lumayno et al., 2022; Qin et al., 2022; Whitlock et 
al., 2019). The cleavage site GKR (Gly-Lys-Arg) sequence sepa-
rates the hormone moiety from the GAP (Chaube et al., 2019). 
The majority of vertebrates GnRH have 10 amino acids, and the 
consensus sequence is pyro-Glu1-His2-Trp3-Ser4, Gly6, and 

Table 2. Amino acid identities of putative protein between Pangasianodon hypophthalmus and Pangasius nasutus with other 
vertebrates and GenBank accession numbers of GnRH1 and GnRH2 used in this study
Class order GnRH1 Identities (%) GenBank accession 

number
GnRH2 Identities (%) GenBank accession 

numberP. hypophthalmus P. nasutus P. hypophthalmus P. nasutus

Osteichthyes

Siluriform

Pangasius nasutus (patin buah) 99.9 - OP104320 99.9 - OP104321

Pangasianodon hypophthalmus (striped catfish) - 99.9 OQ685894 - 99.9 OQ685895

Hemibagrus nemurus (river catfish) 99.7 99.7 OP115879.1 99.7 99.7 OP115878.1

Pedicted Pangasianodon hypophthalmus (striped catfish) 100 99.9 XM_026924976.1 99.9 99.9 XM_034311363.1

Ictalurus punctatus (channel catfish) 100 99.9 XM_047155459.1 99.8 99.8 XM_017493147.2

Silurus meridionalis (southern catfish) 99.7 99.6 XM_046871947.1 99.8 99.8 XM_046868054.1

Perciformes 

Tricoated trichopterus (three spot gourami) 98.1 98 KF113107.1 99.2 99.3 KF113108.1

Larimichthys crocea (yellow crocker) 97.9 97.8 NM_001303356.1 99.2 99.3 XM_010743322.3

Seriola lalandi dorsalis (great amberjack) 98 97.9 XM_023394165.1 99.2 99.3 XM_023428006.1

Lates calcarifer (barramudi) 98.2 98 XM_018668358.1 99.2 99.3 XM_018700270.1

Cyprinodontiformes 

Nothobranchius furzeri (Turqoise killerfish) 98.0 97.9 XM_015972478.1 99.2 99.2 XM_015959339.1

Xiphophorus maculatus (southern platyfish) 98.2 98.2 XM_005811760.3 99.1 99.2 XM_005808463.2

Poecilia reticulata (guppy) 98.1 98 XM_008417516.2 99.1 99.2 XM_008409509.2

Clupeiformes 

Engraulis japonicus (Japanese anchovy) 97.7 97.6 JX406273.1 99.1 99.1 JX406274.1

Sardinops melanostictus (Japanese pilchard) 98.3 98.2 MW252048.1 99.3 99.3 MW252049.1

Anguilliformes 

Anguilla anguilla (European eel) 98.3 98.2 GU332301.1 99.1 99.2 GU332293.1

Amphibia 

Anura 

Xenopus tropicalis (western clawed frog) 97.5 97.5 EF166084.1 98.3 98.4 NM_001114078.1

Mammalia

Rodentia 

Urocitellus parryii (arctic ground squirrel) 97.4 97.4 XM_026411610.1 97.3 97.3 XM_026409697.1

Octodon degus (Degu) 97.7 97.8 XM_004630672.1 97.2 97.3 XM_004634317.1

Primates

Macaca mulatta (rhesus monkey) 97.8 97.7 NM_001195436.2 97.7 97.8 NM_001034202.1

Theropithecus gelada (gelada monkey) 97.8 97.7 XM_025394633.1 97.5 97.6 XM_025400095.1

Homo sapiens (human) 97.8 97.7 NM_001083111.2 97.6 97.7 NM_001501.2

GnRH, gonadotropin-releasing hormone. 
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(A)

(B)

Fig. 5. Phylogenetic tree for GnRH1 and GnRH2 in Pangasius species and other vertebrate. (A) A phylogenetic tree of GnRH1 of 
Pangasianodon hypophthalmus and Pangasius nasutus and other species by using the neighbor-joining method with 1,000 bootstrap 
replicates. The number displayed at each branch node is the bootstrap value in percentage. (B) A phylogenetic tree of GnRH2 in 
Pangasianodon hypophthalmus and Pangasius nasutus and other species by using the neighbor-joining method with 1,000 bootstrap 
replicates. The number displayed at each branch node is the bootstrap value in percentage. 
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Pro9-Gly10-amide (Sakai et al., 2020). The GnRH1 decapeptide 
is highly conserved at positions 1–4, 6, 9, and 10, five from the 
10 amino acids being invariant, whereas the other two positions 
exhibit conservative modifications (Sower et al., 1997; Zmora et 
al., 2002). 

The GnRH1 decapeptide sequence (QHWSHGLNPG) of 
P. nasutus and P. hypophthalmus is highly conserved among the 
siluriformes order, where there are few differences at positions 
5 and 8 in the decapeptide region in other vertebrates. Com-
paring the three types of GnRH isoforms, the GnRH1 peptide 
sequence appears to be far more variable; with GnRH1 amino 
acid sequences are conserved particularly pGlu-His-Trp-Ser at 
the N-terminus, and the C-terminal is fixed to Pro-Gly-NH2, 
which are required for GnRH1’s physiological function (Choi, 
2018; Gaillard et al., 2018; Sower, 1997). Amino acid at position 
8 is the most variable amino acid; where if an arginine residue 
was at the 8th position, it will improve the receptor binding 
(Choi, 2018; Flanagan & Manilall, 2017). Variations also spotted 
at positions 6, 5, and 7. The variety in amino acids is due to the 
fact that GnRH1 decapeptide exhibits species-specific structural 
diversification (Muñoz-Cueto et al., 2020). 

Meanwhile, the GnRH2 decapeptide of P. nasutus and P. 
hypophthalmus contains a core decapeptide (QHWSHGWYPG) 
region that is highly conserved between teleost fish and other 
vertebrates. In this study, GnRH2 is well conserved in siluri-
formes, perciformes, cyprinodontiformes, clupeiformes, anguil-
liformes, anura, rodentia, and primates without any modifica-
tions in the sequence. Kavanaugh et al. (2008) mentioned that 
the GnRH2 peptide is entirely conserved in all other vertebrate 
species, with the exception of the lamprey. Although the GnRH 
decapeptide is evolutionary conserved, there is divergence in 
the signal peptide and GAP. Study from Andersen & Klungland 
(1993) revealed that GAP could contribute to the structure and 
stability of prepro-GnRH, as well GAP may contribute in the 
folding and processing of GnRH prohormone and the control of 
gonadotropin secretion (Mohammadzadeh et al., 2020; Qin et 
al., 2022; Wetsel & Srinivasan, 2002). Findings from this study 
are consistent with other studies showing that GAP coding se-
quences are highly varied even within closely related groups of 
animals, showed a unique feature of the GnRH preprohormone 
despite the relatively high conservation of the GnRH gene 
structure and peptide sequences (White et al., 1995; Whitlock et 
al., 2019).

The amino acid sequence alignment of P. hypophthalmus 
and P. nasutus are most closely related to the GnRH genes of 

H. nemurus, I. punctatus, and S. meridionalis, which is con-
sistent with the results of amino acid identity comparison 
and phylogenetic tree analysis. By comparing the amino acid 
sequence encoded by GnRH genes of different species, it was 
revealed that the primary amino acid identity for GnRH1 and 
GnRH2 genes shared a high degree of homology (> 99%) with 
fish species, indicating that the conserved structure of deca-
peptide might play an important biological function between 
different species. Phylogenetic trees showing the evolutionary 
relationship of GnRH1 and GnRH2 genes with other varieties 
of vertebrate taxa was generated using the neighbour-joining 
method. The phylogenetic analysis revealed that the vertebrate 
GnRH proteins clustered into clades according to their order: 
cyprinodontiformes, perciformes, anguilliformes, clupeiformes, 
siluriformes, anura, primates, and rodentia, displayed a close 
relationship among similar GnRH in different fish species. 
The constructed phylogenetic tree in this study correlated 
with previous studies (Chaube et al., 2019), which found that 
the GnRH2 protein of the catfish Heteropneustes fossilis was 
aligned closely with C. gariepinus GnRH2 and clustered with 
the GnRH2 type in the Ostariophysan subclade, distinct from 
the Acanthopterygian subclade, of teleosts. Phylogenetic analy-
sis revealed that the vertebrate formed cluster in distinct clades 
and are grouped according to their GnRH decapeptide and 
GnRH-associated peptide, revealing a close relationship among 
similar GnRH decapeptide forms in different vertebrate species.

Conclusion

In summary, we successfully cloned and characterized the full-
length cDNA sequences of the GnRH genes from P. hypophthal-
mus and P. nasutus. This study could generate the gene-specific 
species database of GnRH genes for commercially important cat-
fish species, P. hypophthalmus and P. nasutus. Also, the findings 
should provide a basis for future reference for defining peptide 
functions, localization, and regulatory mechanisms of GnRH 
genes, as well as the development of recombinant GnRH hor-
mone to be used for artificial breeding in the aquaculture sector.
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