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Abstract 
 

Follicle-stimulating hormone (FSH) and luteinizing hormone (LH) are central regulators 
of teleost reproduction, yet their molecular characteristics in giant gourami 
(Osphronemus goramy), a key Indonesian aquaculture species, remain largely 
uncharacterized. This study cloned and analyzed the full-length β-subunit cDNAs of 
FSH (OgFSHβ) and LH (OgLHβ), encoding 126 and 142 amino acids, respectively. Both 
sequences exhibited conserved cysteine residues and canonical N-linked glycosylation 
motifs typical of vertebrate glycoprotein hormones. Phylogenetic comparison 
revealed highest similarity with Anabantoid fishes (85–94.2% for FSHβ; 84–85.8% for 
LHβ). Expression profiling demonstrated stage-specific regulation, with OgFSHβ 
predominating during vitellogenesis and OgLHβ increasing toward final maturation. 
Following LHRH-a administration (0.75 mL/kg), OgFSHβ was significantly upregulated 
at 24 h, whereas OgLHβ showed a limited transcriptional response. These findings 
provide the first molecular insight into gonadotropin regulation in giant gourami and 
support the optimization of hormonal induction strategies to improve broodstock 
performance and larval production.  
 

Introduction 
 

The giant gourami (O. goramy) is a high-value 
freshwater species that contributes substantially to 
Indonesian aquaculture (Budi et al. 2015; Slembrouck et 
al. 2019). Despite its long history of cultivation, 
production stability remains constrained by inconsistent 
seed availability and low reproductive efficiency. 
Spawning in this species relies largely on environmental 
cues, including photoperiod, rainfall, and temperature, 
and is characterized by a prolonged maturation period 
and limited spawning frequency (Arfah et al. 2006; 
Irawan and Sirodiana 2017; Slembrouck et al. 2019). 
Consequently, larval supply remains unpredictable, 

posing a major bottleneck for sustainable 
intensification. Notably, the endocrine and molecular 
mechanisms underlying reproduction in giant gourami 
remain poorly understood (Arfah et al. 2006; 
Slembrouck et al. 2019). 

In teleosts, gonadal development is primarily 
regulated by pituitary gonadotropins, viz. follicle-
stimulating hormone (FSH) and luteinizing hormone (LH) 
(Das and Kumar 2018; Hollander-Cohen et al. 2018; 
Burow et al. 2019). Both hormones functioned as 
heterodimeric glycoproteins composed of a common α-
subunit and hormone-specific β-subunits (Clark et al. 
2005; Uusküla et al. 2010; Burow et al. 2019). 
Differential expression of FSHβ and LHβ across the 
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reproductive cycle has been documented in multiple fish 
species. For instance, FSHβ transcripts rise during 
vitellogenesis in channel catfish, amberjack, and 
mummichog (Kumar and Trant 2004; Shimizu et al. 
2012; Nyuji et al. 2015), whereas more variable 
expression patterns have been observed in rainbow 
trout, striped bass, and goldfish (Hassin et al. 2000; 
Nakai et al. 2006; Hollander-Cohen et al. 2018). In 
addition, LH expression predominantly associated with 
final oocyte maturation and ovulation (Kanda et al. 
2011). However, molecular information on 
gonadotropin β-subunits in giant gourami is currently 
lacking. 

This study aimed to clone and characterized the β-
subunit genes of FSH (OgFSHβ) and LH (OgLHβ) and to 
examine their expression patterns during gonadal 
development, providing a molecular framework for 
improved reproductive management in this species. 
 

Materials and Methods 
 

Animals and Sample Collection 
 

Two-year-old virgin female O. goramy, weighing 
750 - 1,500 g, were obtained from hatcheries in West 
Java, Indonesia, and acclimated in Bogor for one month 
prior to experimentation. During acclimation, they were 
fed twice daily to apparent satiation with commercial 
feed containing 33% crude protein, supplemented with 
fresh Alocasia macrorrhiza (giant taro) leaves as natural 
feed. For gene cloning, three females (mean body 
weight ~1,000 g) were deeply anesthetized, and 
pituitary tissues were excised, immediately immersed in 
GENEzol™ reagent (Geneaid, Taiwan), and stored at 
−80°C. 
 
RNA Extraction and cDNA Synthesis 
 

Pituitary tissues from the three individuals were 
pooled for total RNA extraction using GENEzol™ reagent 
following the manufacturer’s instructions. RNA quality 

and concentration were determined 
spectrophotometrically (A260/A280 nm) on a 
GeneQuant spectrophotometer (Amersham Pharmacia 
Biotech, UK). First-strand cDNA was synthesized from 1 
µg total RNA using ReverTra Ace® qPCR RT Master Mix 
(Toyobo, Japan), and stored at –80 °C until further use. 

 
Cloning and Sequence Analysis 
 

Gene-specific primers were designed from 
conserved regions of teleost FSHβ and LHβ sequences 
using BioEdit® (Hall, 2011) and validated with Primer-
BLAST (https://www.ncbi.nlm.nih.gov/tools/primer-
blast). Primer sequences used in this study are listed in 
Table 1. PCR amplification was performed using 
MyTaq™ Red Mix (Bioline, UK) in a final volume of 30 µL. 
Amplicons were gel-purified using the Zymoclean Gel 
DNA Recovery™ Kit (Zymo Research, USA). The purified 
DNA fragments (50 ng/µL) were inserted into the pTA2 
Clone™ Plus vector (Toyobo, Japan) and subsequently 
transformed into Escherichia coli DH5α via heat-shock 
treatment at 42 °C for 45 s. Positives clones were 
confirmed by colony PCR (). The plasmids were then 
isolated from the positive’s colony using the GeneJET 
Plasmid Miniprep Kit (Thermo Scientific, USA) and then 
sequenced using an ABI 3500 Genetic Analyzer (Applied 
Biosystems, USA) sequencer machine. 

Full-length cDNA sequences were obtained by 
amplifying 5′- and 3′-UTR regions using gene-specific 
primers Amplification of the 3′-UTR region was carried 
out using a forward primer specific to each gene 
together with an oligo(dT) anchor primer. For the 5′-
UTR, a forward primer was selected from conserved 
upstream regions of FSHβ and LHβ in other teleost 
species, whereas the reverse primer was derived from 
the corresponding partial sequence obtained 
previously. PCR amplicons were then purified, cloned, 
and sequenced following the procedures described 
above. Sequence assembly and alignment were 
performed in BioEdit®, and homology analysis was 
conducted using BLAST (https://blast.ncbi.nlm.nih.gov). 

Table 1. Primer used for identification and analysis of gonadotropin encoding gene in giant gourami Osphronemus goramy  

Primer Sequence (5’ - 3’) Ta (°C) Application 
OgFSH F ATGCAGCTGGTTGTCATGGCAG 

57 Initial identification of OgFSHβ 
OgFSH R GCAGTTTCTGGCCACAGGGTA 
OgLH F TTTCTGGGAGCCTCATCTTCCATTT 

57 Initial identification of OgLHβ 
OgLH R CTCAAAGCCACAGGGTAGGTGAC 
3R FSH GGCATCACTGAGTTCATCTACACC 60 3’-UTR OgFSHβ isolation 
3R LH CACATACCGGGACTTGTTCTAT 60 3’-UTR OgLHβ isolation 
Oligo(dT)18 NNNN(T18) 60 3’ anchor RACE PCR 
5R FSH F GTCTGTACAGATGTTTAGASRG 55 

5’-UTR OgFSHβ isolation 
5R FSH R TGTGTTTCACCTCGTAGGACC 55 
5R LH F CTGACACTAAAGAGGATGATGAC 55 

5’-UTR OgLHβ isolation 
5R LH R TGGTGATGCAGTGGCCAC 55 
q-OgFSH F GTCATCCAACCAACATCAGCTTCC 

60 Expression analysis of OgFSHβ 
q-OgFSH R GATGTAGACTGGATCCTCGTGGTAG 
q-OgLH F CATCACCAAGGACCCTATCATC 

60 Expression analysis of OgLHβ 
q-OgLH R GAGGACAGTCAGGAAACTCAAA 
ΒactinF ACCGGAGTCCATCACAATACCAGT 

60 Internal control 
ΒactinR GAGCTGCGTGTTGCCCCTGAG 
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Gonadal Development Observation  
 

Female O. goramy weighing 750, 1,000, and 1,500 
g (n = 3 per group) were selected to represent different 
gonadal developmental stages. Fish were anesthetized 
using 1 mL/L Arowana Stabilizer (Qian Hu Corp. Ltd., 
Singapore). Pituitary tissues were collected for OgFSHβ 
and OgLHβ expression analysis, while gonads and liver 
samples were taken for histological evaluation, 
gonadosomatic index (GSI), and hepatosomatic index 
(HSI) determinations. Gonadal tissues were fixed in 10% 
neutral buffered formalin. After overnight, the fixatives 
was dehydrated through graded ethanol series, 
embedded in paraffin, sectioned at 5 µm thickness, and 
stained with haematoxylin–eosin (H&E) following 
standard histological procedures. The gonad tissues 
were then observed under microscopes (Olympus, USA).  
 
Hormonal Induction and Gene Expression Analysis 
 

To evaluate transcriptional responses to hormonal 
stimulation, females weighing 1,000 and 1,500 g were 
injected intramuscularly with LHRH-a (Ovaprim®, Syndel, 
Canada) at 0.75 mL/kg. Control fish received saline (0.9% 
NaCl). Each treatment was conducted in triplicate. 
Pituitary tissues were collected 24 h post-injection. 

Quantitative real-time PCR (qPCR) was used to 
assess the transcription levels of OgFSHβ and OgLHβ. 
Each reaction (20 µL) consisted of the 2× SensiFAST 
SYBR® No-ROX master mix (Bioline, UK) using 10 ng of 
cDNA template. The amplification protocol included an 
initial denaturation at 95 °C for 2 min, followed by 40 
cycles of 95°C for 10 s, 60 °C for 15 s, and 72°C for 15 s. 
Melting-curve analysis was performed to confirm the 
specificity of the amplified products. Relative gene 
expression levels were quantified using the 2−ΔΔCT 

method (Livak and Schmittgen, 2001), with β-actin as 
the reference gene. For developmental analysis, 
expression was normalized to the 750 g group; for 
hormonal induction, values were compared to saline 
controls. Statistical analyses were performed using one-
way ANOVA followed by post-hoc comparison tests, 
with significance set at P<0.05 in the SPSS ver.18 (IBM, 
USA). 
 

Results  
 

Gene Identification and Sequence Characterization. 
 

The β-subunits of follicle-stimulating hormone 
(OgFSHβ) and luteinizing hormone (OgLHβ) were 
successfully amplified from the pituitary of 
Osphronemus goramy (Figure 1). The corresponding 
mRNA sequences were deposited in GenBank under 
accession numbers MT414714 (OgFSHβ) and MT414715 
(OgLHβ). 

The full-length OgFSHβ cDNA comprised 542 bp, 
including a 378 bp open reading frame encoding a 126-
amino-acid peptide. A canonical polyadenylation signal 

(AATAAA) was identified 18 bp upstream of the poly(A) 
tail. Sequence alignment demonstrated high 
conservation with teleost FSHβ sequences, particularly 
among Anabantoid species (85–94.2% identity), 
followed by Synbranchiformes (71.2%) and 
Pleuronectiformes (70.9%). Markedly lower identities 
were observed with avian (32.7%) and mammalian 
(32.0%) homologs (Table 2). A putative N-linked 
glycosylation site was predicted at Asn33. 

The OgLHβ cDNA was 605 bp in length, containing 
a 426 bp open reading frame encoding 142 amino acids. 
The polyadenylation signal was located 19 bp upstream 
of the poly(A) tail. Comparative analysis revealed 
highest similarity with Anabantoid species (84–85.8%), 
followed by Cypriniformes (76.9%) and Beloniformes 
(75.8%), whereas lower identities were detected in 
chicken (50.8%) and human (39.3%). One predicted N-
linked glycosylation site (Asn23) and one putative O-
linked site (Thr120) were identified. 

 
Expression Profiles during Gonadal Development 
 

Histological examination confirmed distinct 
ovarian stages among the three body-weight groups 
(Figure 2). The 750 g group exhibited predominantly 
previtellogenic oocytes (80–200 µm). Mid-vitellogenic 
oocytes were observed in 1,000 g fish (300–500 µm), 
whereas fully mature oocytes (1,000–2,000 µm) with 
multiple oil globules were present in the 1,500 g group. 

The gonadosomatic index (GSI) increased 
significantly with advancing ovarian maturation. In 
contrast, the hepatosomatic index (HSI) differed 
significantly between the previtellogenic and more 
advanced stages but did not vary between mid-
vitellogenic and mature groups (Figure 3A). 

OgFSHβ expression was significantly elevated 
during ovarian development (Figure 3B). Transcript 
levels increased 3.2-fold at the mid-vitellogenic stage 
relative to previtellogenesis and showed a marked 
upregulation at full maturation (P<0.05). Conversely, 
OgLHβ expression remained relatively low from 
previtellogenesis to mid-vitellogenesis (P>0.05) but 
increased significantly at the mature stage, displaying an 
approximately 40-fold elevation compared to earlier 
stages. 

 
Expression Response to Hormonal Stimulation 
 

Following LHRH-a administration, OgFSHβ mRNA 
levels increased significantly (approximately 3–4-fold; 
P<0.05) in both 1,000 g and 1,500 g fish compared to 
saline-injected controls (Figure 4). No significant 
difference in induction magnitude was detected 
between the two weight groups. 

In contrast, OgLHβ expression exhibited only a 
modest and statistically non-significant increase after 
hormonal treatment. These results indicate that 
exogenous LHRH-a stimulation elicited a clearer 
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transcriptional response in OgFSHβ than in OgLHβ under 
the present experimental conditions. 

 

Discussion 
 

Molecular cloning remains a robust approach for 
gene identification, particularly when supported by 
comparative sequence analysis across phylogenetically 
related taxa species (Bartlett et al., 2003; Lang & 
Orgogozo, 2011; Nasrullah et al., 2019). In the present 
study, OgFSHβ and OgLHβ were successfully isolated 
from Osphronemus goramy and exhibited hallmark 
structural characteristics of vertebrate glycoprotein 
hormone β-subunits. 

Both deduced peptides contain canonical N-linked 
glycosylation motifs (Asn–X–Ser/Thr) and 12 conserved 
cysteine residues predicted to form six intramolecular 
disulfide bonds, structural elements essential for proper 
folding, heterodimer assembly, and receptor 
interaction. These features are highly conserved among 
teleosts (Nyuji et al., 2015; Oliveira et al., 2017), 

although lineage-specific variations—such as altered 
cysteine patterns or glycosylation sites in certain 
species—suggest evolutionary modulation of 
gonadotropin structure and function (Mullen et al., 
2013; Reading et al., 2017). Interestingly, sequence 
identity analysis showed that OgLHβ shares moderate 
similarity (62.3%) with swamp eel (order 
Synbranchiformes), indicating a more divergent 
evolutionary pattern compared to other Anabantoid 
fishes. This finding supports the notion that 
gonadotropin β-subunits evolve at lineage-specific 
rates. Such divergence may reflect adaptive modulation 
of reproductive endocrine regulation across ecological 
and life-history contexts (Jackson et al., 1999; Hollander-
Cohen et al., 2018). 

Expression profiling revealed stage-dependent 
regulation, with OgFSHβ predominantly upregulated 
during vitellogenesis and OgLHβ markedly increased at 
final maturation. This sequential pattern is consistent 
with the established physiological roles of FSH in 
follicular growth and LH in oocyte maturation and 

 

Figure 1. The nucleotide sequence of the OgFSHβ and OgLHβ gene. The coding sequence section was displayed in capital letters 
and the 5'-UTR and 3’-UTR sections in lowercase letters. Arrow heads (▲) indicate cysteine chains site, sequence inside the box 
(□) indicate glycosylation site. 
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ovulation in teleosts (Das and Kumar 2018; Hollander-
Cohen et al. 2018; Burow et al. 2019). Following LHRH-a 
administration, OgFSHβ expression responded 
significantly, whereas OgLHβ showed only a modest and 
non-significant increase. This differential response may 
reflect species-specific sensitivity to exogenous GnRH 
analogs or the timing of sampling. Given that LH 
transcription can exhibit transient peaks, the 24-hour 
sampling point may not have captured maximal LHβ 
induction. Future time-course analyses with finer 

temporal resolution are therefore required to clarify the 
dynamics of pituitary responsiveness in giant gourami. 

It is important to acknowledge that the expression 
analysis was based on a limited number of biological 
replicates (n= 3), which may constrain statistical power 
despite the pronounced fold changes observed. 
Accordingly, the present findings should be interpreted 
as indicative of regulatory trends, warranting 
confirmation through expanded sampling and refined 
temporal resolution, particularly to capture dynamic 

Table 2. Percentage identities of OgFSHβ and OgLHβ peptides among vertebrate species (LHβ comparison above the diagonal) 

Taxa group Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Fish                 
Anabantiformes Giant gourami  85.88 84.71 62.3 70.24 59.17 64.71 75.76 61.48 55.41 51.43 56.84 76.92 50.79 39.25 
Anabantiformes Three spot gourami 94.17  88.64 82.31 71.43 77.24 67.35 65.31 81.94 82.19 72.79 56.55 63.16 50.98 47.12 
Anabantiformes Climbing perch 85.22 93.2  84.35 78.46 79.86 70.8 63.95 82.64 83.67 71.43 66.1 71.05 50.98 48.08 
Synbranchiformes Swamp eel 71.15 76.64 75.7  76.19 81.76 67.79 67.35 85.81 84.35 73.47 63.03 65.29 49.02 46.28 
Pleuronectiformes Halibut 70.87 69.61 69.61 69.47  75.18 66.18 62.86 77.14 72.22 66.21 54.96 54.74 49.02 47.12 
Perciformes Gilthead seabream 70.43 74.58 74.58 69.16 73.33  66.44 67.83 82.43 79.31 69.66 57.46 67.83 49.02 48.08 
Tetraodontiformes Tiger puffer 65.22 72.03 72.88 69.09 70 70.83  61.43 67.11 68.49 64.23 54.01 59.66 51.96 48.08 
Beloniformes Japanese medaka 61.86 58.33 58.33 65.22 58.76 58.33 56.7  65.97 66.67 65.99 54.47 53.33 39.81 47.87 
Charangiformes Amber jack 58.26 65.25 64.41 66.36 63.33 67.75 67.65 55.67  85.42 71.53 63.87 65.62 50.98 44.74 
Cichliformes Nile tilapia 55.26 62.39 64.1 63.64 57.26 55.56 54.7 57.73 56.41  73.47 60.61 68.1 50.98 49.04 
Cyprinodontiformes Swordtail 54.08 52.94 51.96 56.52 52.94 53.92 51.96 63.54 50 48.42  53.49 48.23 47.06 43.27 
Siluriformes Stripped catfish 41.12 41.6 40.8 40.87 44.8 43.2 41.6 39.6 38.4 35.48 41.67  77.86 52.78 47.27 
Cypriniformes Common carp 40.37 43.97 43.1 41.53 43.65 44.07 42.4 39.39 37.93 40.34 42.24 69.53  53.85 48.25 
Avian Chicken 35.42 34.38 34.38 36.46 37.5 33.64 37.11 37.23 34.31 31.73 37.5 40.35 47.96  51.85 
Mammals Human 32.7 34.38 34.34 32.36 36 35.32 39.13 33.67 37.63 34.41 31.37 41.88 37.17 40.22  

 
 
 

 

Figure 2. Gonadal histology of female giant gourami O. gouramy with different bodyweight. P= prenucleolar stage, Lc= Lipid and 
cortical alveoli stage, Lv= late vitellogenic stage, N= Nucleus, Ld= Lipid droplet, Yg= Yolk globules. 
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transcriptional peaks associated with hormonal 
induction. 

From an applied perspective, understanding the 
molecular regulation of FSH and LH in this species has 
practical implications for broodstock management. 
Given the seasonal and inconsistent spawning patterns 
of giant gourami, improved knowledge of gonadotropin 
regulation may support the development of more 
precise hormonal induction strategies, ultimately 
contributing to more reliable seed production in 
aquaculture systems. 

Conclusion 
 

Collectively, these findings provide the first 
molecular characterization of FSHβ and LHβ genes in O. 
goramy and offer insight into their structural 
conservation and stage-specific regulation. A deeper 
understanding of gonadotropin gene dynamics may 
contribute to improved hormonal manipulation 
strategies aimed at overcoming inconsistent spawning 
performance in giant gourami aquaculture. Future 
studies should focus on receptor characterization, male 

 

 
Figure 3. The GSI and HSI values (A), and the OgFSHβ and OgLHβ gene expression levels (B) in the female giant gourami with 
different body weights. Different letters above the bar indicate significant differences (P<0.05; n=3). 

 

 

Figure 4. The OgFSHβ and OgLHβ gene expression levels in the female giant gourami post induction of LHRH-a. Different letters 
above the bar indicate significant differences (P <0.05; n=3). 
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expression profiles, and species-specific GnRH analog 
development to further elucidate the endocrine 
regulation of reproduction in this species. 
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