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Abstract. Nasrullah N, Nababan YI, Safitri I, Yanti DH, Nuryati S, Zairin Junior M, Alimuddin A. 2020. Short Communication: Single 
nucleotide polymorphism in C-type lysozyme gene and its correlation with Aeromonas hydrophila resistance in African catfish Clarias 
gariepinus. Biodiversitas 21: 311-317. The chicken-type lysozyme (LYSC) gene has been demonstrated to play important roles in the 
fish protection system against bacterial infection. In this present study, we aimed to identify the single nucleotide polymorphism (SNP) 
within the LYSC gene of African catfish Clarias gariepinus and its possible association with Aeromonas hydrophila resistance, a major 
pathogenic bacterium in African catfish. The gDNA of the African catfish LYSC coding sequence was 1559 bp long, comprising of four 

exons and three introns. Six SNPs were identified in African catfish LYSC, namely SNP1-6. After the A. hydrophila challenge, we 
regarded the surviving individuals after the infection as the resistant group and the dead fish as the susceptible group. High-resolution 
melting (HRM) analysis on SNP2 revealed that the allele frequencies of TT, CC, and TC were of 27.78%, 5.55%, and 66.67% in the 
resistant group, while the frequencies of TT, CC, and TC were 16.67%, 27.78%, and 55.55% in the susceptible group, respectively. The 
expression of LYSC and other immune-genes in the resistant group was also higher in the liver, head kidney, and spleen. These results 
indicated that the LYSC gene might play an essential role in bacterial resistance, and the SNP2 within the LYSC gene may be associated 
with the resistance to A. hydrophila in African catfish. 
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INTRODUCTION 

The African catfish (Clarias gariepinus Bloch, 1794) is 

an important aquaculture species in the world that mainly 

produced in African and Asian countries, including 

Indonesia  (Ekasari et al. 2016; Dauda et al. 2018). The 

African catfish production has increased significantly 

through intensive fish culture practices, thus consequently 

exposes the cultured fish to common stressors and diseases  

(Shoko et al. 2016; Yarahmadi et al. 2016). One of the 

most commonly occurred diseases in African catfish is 

motile aeromonad septicemia (MAS) caused by Aeromonas 
hydrophila infection. This Gram-negative bacterium has 

caused high mortality in African catfish and other 

freshwater species, leading to substantial economic loss  

(Angka et al. 1995; Hanson et al. 2014). Most cases of 

MAS can be correlated to various factors such as infection, 

and environmental stress, and sometimes associated with 

nutritional stress and handling stress  (Hanson et al. 2014). 

Recently, our research has begun to focus on breeding 

African catfish resistant to A. hydrophila. However, little 

information is available about genes related to A. 

hydrophila resistance in African catfish.  
Lysozyme has crucial roles in fish early defense system 

and innate immunity. This hydrolase enzyme catalyzes the 

hydrolysis of β-(1,4)-glycosidic bonds between the N-

acetyl glucosamine and N-acetyl muramic acid in the 

peptidoglycan layer of bacterial cell walls, thus possess 

bacteriolytic activity against Gram-positive and Gram-

negative  (Saurabh dan Sahoo 2008). Generally, among the 

vertebrate and teleost fish, lysozyme is mostly found in two 

types: chicken-type (LYSC) and goose-type (LYSG)  

(Callewaert dan Michiels 2010; Buonocore et al. 2014). 

Both lysozymes gene has been demonstrated to play 

essential roles as the immune defense in many fish species  
(Mohanty dan Sahoo 2010; Pridgeon et al. 2013; Wei et al. 

2014; Di Falco et al. 2017). The involvement of the LYSC 

in the protection against bacterial infection has been 

reported in fish species, such as resistant families of 

Atlantic salmon against Piscirickettsia salmonis infection  

(Dettleff et al. 2015), channel catfish against Edwardsiella 

ictaluri  (Wang et al. 2013), Darby’s sturgeon and Qihe 

crucian carp against A. hydrophila  (Wang et al. 2016; 

Zhang et al. 2018), Moreover, the single nucleotide 

polymorphisms (SNPs) in LYSC gene have been 

characterized in several fish species, such as Asian seabass  
(Fu et al. 2013) and Japanese flounder  (Liu et al. 2017) 

and identified as potential markers for bacterial-resistance 
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in fish. However, such studies in African catfish are still 

limited. In this present study, we aimed to identify the 

single nucleotide polymorphism (SNP) within the LYSC 

gene of African catfish and studied its possible association 

with Aeromonas hydrophila resistance.  

MATERIALS AND METHOD 

Isolation of LYSC Genomic DNA sequences 

To obtain the genomic sequence of the LYSC gene, 

primers were designed to amplify the full length of the 

coding sequence of LYSC mRNA (Genbank accession 
number: MK344777.1). The forward primer was located 

from the start codon, and the reverse primer sequence was 

ended in the stop codon of the coding sequence. BamHI 

site was added in the forward primer and NdeI site in the 

reverse primer for future cloning purposes (Table 1). The 

genomic DNA was extracted from the fin using Gentra® 

Purgene® Tissue kit (Qiagen, USA) according to the kit 

manual. PCR amplification was performed in a 50 µL of 

reaction volume consisting of 50 ng of genomic DNA, 10 

µM of each primer, and 2× MyTaq™ HS DNA polymerase 

mix (Bioline, UK). The amplification program consisted of 

the following steps: 95 ℃ for 2 min followed by 35 cycles 

of 95 ℃ for 30 s, 60 ℃ for 30 s, and 72 ℃ for 1 min 30 s, 

then a final step of 72 ℃ for 5 min. The PCR products were 

purified using Wizard® Genomic DNA Purification kit 

(Promega, USA) and then sequenced using 3500 Genetic 

Analyzer (Applied Biosystem, USA). The African catfish 

LYSC gDNA sequence then compared to other fish species 

LYSC sequences available at the Genbank database. 

Fish and bacterial infection 
African catfish (6.00±0.56 g, n = 1,000) were obtained 

from the National Centre for Freshwater Aquaculture, 

Sukabumi, West-Java, Indonesia. The fish were acclimated 

for one week in a 1,050 L fiber tank. Fish were fed twice 

with commercial pellets. Feed and fecal wastes were 

removed daily. No clinical signs of bacterial disease were 

observed during acclimatization. Pathogenic A. hydrophila 

was obtained from our lab culture collection. The isolate 

was characterized using biochemical tests, and the lethal 

dose 70 (LD70) of the bacteria was determined before the 

experiment. A. hydrophila was diluted in phosphate buffer 

saline (PBS) solution in a final concentration of 108 CFU 

mL-1 based on the LD70 concentration. Before the A. 

hydrophila challenge, the fish was anesthetized with 75 mg 

L-1 MS222. Two hundred fish were injected with 0.1 mL of 

pathogenic A. hydrophila at LD70 concentration intra-

muscularly. Sixty fish were injected by 0.1 mL PBS as a 
control group. The fish were reared for 24 h in the 60 L 

glass tanks with 20 fish/tank density. After 24 h, we 

regarded the surviving individuals after the infection as a 

resistant group and the dead fish as the susceptible group. 

qPCR and SNP analysis 

To identify the reference genotype in the LYSC gene, 

we amplify the gDNA from seven resistant fish, and five 

susceptible fish then sequenced the PCR products. The 

LYSC and other immune-related genes: goose-type 

lysozyme (LYSG), hepcidin (HAMP), and interleukin-1β 

(IL1B) mRNA expression of the resistant fish were 
analyzed at 0 h and 24 h after bacterial infection to 

investigate the immunological roles of the gene. Total 

RNA was extracted from the liver, head-kidney, and spleen 

of the resistant fish (n= 4) and analyzed using the qPCR 

method. The RNA extraction, cDNA synthesis, and qPCR 

analysis were conducted according to our previous research  

(Nasrullah et al. 2019). The β-actin gene was used for 

normalization and PBS control at 0 h as the expression 

calibrator. The expression data were analyzed using the 2-

∆∆CT method  (Livak dan Schmittgen 2001). 

 
Table 1. Mortality of C. gariepinus 24 h after challenge with A. 
hydrophila 
 

Treatment 

Number of 

challenged 

individuals 

Survived Dead 
% 

Mortality 

A. hydrophila 

infection 
200 49 151 75.5 

PBS control 60 60 0 0 

 

 
Table 2. The primer used in this study
 
 

Primer name Sequence (5’ - 3’) Ta (℃) Application Reference 

LYSC F AAAGGATCCATGAAGGCTTTGGTGTTCTT 60 gDNA amplification of LYC coding 
sequence 

MK344777.1 
LYSC R CGATCATATGTTATTAAACTCCACAGCC  
SNPLYSC F TTCCATAGTGCTAACGGGTGC 60 SNP Genotyping by HRM analysis This study 
SNPLYSC R GCACACTCAACAGCTTTCGC  

qLYSC F CGGTATGATCGGTGTGAGCTGG 60 qPCR analysis of LYSC Nasrullah et al. 
(2019) qLYSC R CGGTTCTGGGCGTTGGTATTGA   

qLYSG F CCTAACTGGCCCAAAGAGCA 60 qPCR analysis of LYSG Nasrullah et al. 
(2019) qLYSG R CCATACCCTCGTATGTGCGG   

qHAMP F TATCGTCATCATCGCGTGCA 60 qPCR analysis of HAMP MK344776.1 
qHAMP R TCCTTCGCCAATGATGCAGT    
qIL1B F TGCAGTGAATCCAAGAGCTACAGC 60 qPCR analysis of IL1B MH341527.1 
qIL1B R CCACCTTTCAGAGTGAATGCCAGC   

qACTB F ACCGGAGTCCATCACAATACCAGT 60 Internal control, expression 
normalization 

Nasrullah et al. 
(2019) qACTB R GAGCTGCGTGTTGCCCCTGAG  

Note: Restriction sites for future cloning purposes are written in italic
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To examine the association of the SNP with the A. 

hydrophila resistance, we collected fin clips from 36 

individuals from each resistant and susceptible group. The 

potential SNPs were genotyped using qPCR-high 

resolution melting (HRM) analysis (Reed et al. 2007). The 

primer for the analysis was designed based on the SNP2 as 

the potential marker. The HRM analysis was performed in 

20 µL of the final volume consisting of 4 µL gDNA (1 ng), 

0.8 µL of each primer (10 mM), 10 µL SensiFAST™ HRM 

kit (Bioline, UK), and 4.4 µL nucleases free water. The 
HRM analysis conducted in Rotorgene6000 (Corrbet, 

USA) machine using the following program: 95 ℃ for 5 

min followed by 40 cycles of 95 ℃ for 15 s, 60 ℃ for 10 s, 

and 72 ℃ for 10 s, then followed by an increasing 

temperature 72-92℃. Melt curves were generated in the 

HRM analysis module of RotorGeneQ software (Corrbet, 

USA). The normalized regions were set from 78-79 ℃ and 

80.93-81.99 ℃. The samples were assigned to a given 

genotype by examining the normalized melt curve plots in 

comparison to the reference genotypes at a 90% confidence 

threshold. 

RESULTS AND DISCUSSION 

Genomic structure and mRNA expression  

The genomic sequence of African catfish LYSC gene 

from the transcriptional start site to the transcriptional end 

site was 1559 bp long, comprising of four exons (127, 159, 

76 and 67 bp, respectively) and three introns (595,104, and 

431 bp, respectively), as shown in Figures 1 and 2. This 
result is consistent with other fish species  (Hikima et al. 

2000; Fu et al. 2013). A phylogenetic tree (Figure S1) was 

constructed using the African catfish LYSC gDNA and 

other fish species using the neighbor-joining method. The 

African catfish LYSC was closely related to the LYSC 

sequence form other catfish species and located in the 

different clades with mammals and the goose-type 

lysozyme gene. The African catfish LYSC gDNA sequence 

was submitted to the Genbank under accession number: 

MN562879. Six SNPs were identified in African catfish 

LYSC. SNP1 was located in intron 1 (gDNA position 292, 
T/C), SNP2 and SNP3 were in intron 2 (position 889, T/C; 

and position 920, G/A), and SNP4, SNP5, and SNP6 were 

in intron 3 (position 1137, G/A; position 1237, G/T; and 

position 1280 G/C). LYSC polymorphism also found in 

other fish species. Japanese flounder Paralichthys 

olivaceus has eight polymorphism sites in its LYSC 

promotor and nine SNPs in the coding region  (Liu et al. 

2017). Asian seabass has two SNPs in the exon and the 

intron of the LYSC coding sequence  (Fu et al. 2013).  

The mRNA expression and SNP associations to the 

Aeromonas hydrophila resistance 

After the A. hydrophila challenge, the LYSC and other 
immune related-genes expression levels of resistant fish 

were higher than susceptible fish in several tissues 

(p<0.05), as shown in Figure 3. LYSC, LYSG, and HAMP 

expression were higher in the liver, head-kidney, and 

spleen (p<0.05), since the organs are reported to be the 

major organs affected by A. hydrophila (Sahoo et al. 1998). 

The highest expression level of LYSC was observed in the 

liver, followed by head-kidney and spleen. The 

upregulation of LYSC and other immune genes expression 

after bacterial challenge also reported in channel catfish, 

Qihe crucian carp, and Darby's sturgeon after A. hydrophila 

challenge  (Pridgeon et al. 2013; Wang et al. 2016; Zhang 

et al. 2018) and rohu carp after Edwardisella tarda 

challenge  (Mohanty dan Sahoo 2010) in the immune 

tissues. The expression of IL1B was higher in the head-
kidney and spleen of susceptible fish (Figure 3; p<0.05). 

The excessive up-regulation of IL1B and other 

inflammatory cytokines showed an inefficient immune-

response and lead to severe tissue damage, oxidative stress, 

and higher mortality in the susceptible group  (Tort 2011; 

Dettleff et al. 2015). Upon A. hydrophila and other 

bacterial infections, the HAMP gene also showed 

significant expression, mainly in the liver of teleost fish 

(Das et al. 2015; Yang et al. 2007). This pattern might be 

due to the liver hepatocyte as the primary site for HAMP 

synthesis (Neves et al. 2016). These results suggest that the 
LYSC and HAMP gene might play an essential role in the 

fish effective immune responses against A. hydrophila 

infection in African catfish. Further research regarding the 

SNP in the HAMP gene is the potential to be done in the 

future.  

Based on the LYSC genotyping results by sequencing 

among the seven resistant and five susceptible fish, we 

found three genotypes at SNP2: TT, CC, and CT (Figure 

4). Susceptible fish were likely had more CC genotype than 

resistant fish and further analyzed with qPCR-HRM 

analysis to identify the genotype frequencies in SNP2. The 
results are shown in Table 3. In the resistant group, the 

frequencies of TT, CC, and TC were 27.78%, 5.55%, and 

66.67%, respectively, while the frequencies of TT, CC, and 

TC were 16.67%, 27.78%, and 55.55% in the susceptible 

group, respectively. This result is suggesting that the SNP2 

may be associated with the resistance to A. hydrophila 

infection in African catfish. In other fish species, the 

polymorphism in the LYSC gene was also reported to be 

associated with pathogenic bacteria resistance. Two SNPs 

in exon 2 (position 655, CC) and intron 3 (position 934, 

CT) of the LYSC gene reported being correlated with the 

big-belly disease resistance in Asian sea bass  (Fu et al. 
2013). The genotype CC at position 536, CC at position 

1200, and GG at position 140 in the Japanese flounder 

LYSC were reported to be correlated with the resistance to 

Listonela anguillarum  (Liu et al. 2017).  

 
Table 3. The Distribution of SNP2 genotypes in resistant and 
susceptible groups of African catfish after Aeromonas hydrophila 
challenge 
 

Population Genotype N total Percentage p-value 

Resistant TT 10 27.78  
 CC 2 5.55  
 TC 24 66.67 0.035 
Susceptible TT 6 16.67  
 CC 10 27.78  
 TC 20 55.55  
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Start 

1 ATGAAGGCTT TGGTGTTCTT TCTGCTTCTG GCAGTTGTAA GTGCTAAAAA GTATGATCGG 

61 TGTGAGCTGG CAAGAGCCAT GAAAGCATTT GGCTTGGCTG GGTATCGTGG CATCAGTCTG 

121 GCTAACTgtg agtaaactgg tattttaaca tcctatgcag tacatctatc tgttgtgcaa 

181 aaggagctgg tgcagacaag gaagctgcag aaaattcagc ttgtttttat agctcaaagt 

241 gcactggtag ggtacatagg agtgacaaaa ctgataaaga taagataaaa ttacttttta 

                                                    SNP1 c  

301 aatccagagg gaaactgtat atttaatata taatgcaaaa taagtttaat acataggaat 

361 aaatagtaca aatataaata tttcaaataa taagaatatt taatttgcta aatatgtaca 

421 gtataagaaa taataaatta ttgattacca aattctgtct taccaggaca ataataataa  

481 taataatcaa atataacact gtacaatttt catactaata tacaaatata gaactataac 

541 actataataa tatagaattt tacaccacaa aattacctaa caatatgttg tgtagtcaaa 

601 ttctgttttt tccccccgca aagtaactta aaaccttcta gaactaaaaa tccattttct 

661 ctgtttgttg tacagtgatt gtaataagta atgtatttct ataaatgctg aatatttctt 

721 agGGGTTTGC TTGGCCAAAC ACGAGTTTGA CTTCAATACC AACGCCCAGA ACCGCAACTC  

781 TGATGGATCA ACAGACTATG GCATTTTCCA GATAAACAAC CGTTGGTGGT GCACCAATGG 

841 GAAATTCCAT AGTGCTAACG GGTGCAAACT CTCCTGTAGT Ggtgagaatt gttttttatt 

                                               SNP2 c 

901 gatctattct tcaaatcttg aaatgatacc ataccaagct gtgaaaggct catatctttg 

                SNP3 a 

961 tcttgatgcc tgcttttgca aacagAGCTT CTTACCGATA ACATCGCGAA AGCTGTTGAG 

1021 TGTGCCAAGA CAATCGTGAG ACAGCAGGGA ATTACCGCAT Ggtaagacta ccttatcaat 

1081 atattgcatg tatggaggat gttgtaaaca tttagtgaag tctacacgtt tgagatcata 

                                               SNP4 a    

1141 cttactgtat cataatcctt tagtttgcct tttttttcat tgcaaattac attaccggcc 

1201 ataactttta tgaaaagtaa aaatttcaga attgtggagt atttgttatt ttttgggggg  

                                   SNP5 t    

1261 ttattgacag tgtgcacttg agctgataat attcaataca aatttgctta tatttaaatt 

                SNP6 c 

1321 gtaaacaaga aactgcaatg tctcacttat tgaatagtac agttgcacat tttctttatt 

1381 tgttgttgaa gtttaaaaat tgtaaaactt aatgttaatg atattaatgt gatcctaatt 

1441 ggactccaca gtatgtacgg tacatgattt attcattttc ctttttttac agGGTGGCAT 

1501 GGCGTAACAA ATGCAGGGGT CGTGACGTAA GCTCTTACAC TGCAGGCTGT GGAGTTTAA    

                                                            Stop  
Figure 1. The gDNA sequence and the SNP position of African catfish LYSC gene. The capital letters are the exons, the small letters are the 
introns. Start and stop codons are underlined 
 

 

 
 
Figure 2. The LYSC gene comparison between African catfish and other fish species. Exons are shown with boxes and introns with the line. 
The Genbank accession numbers are included under the species name 
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Figure 3. Relative mRNA expression levels of the LYSC and other immune-related genes of African catfish 24 h after A. hydrophila 
challenge. The β-actin gene was used for normalization and PBS control at 0 h as the expression calibrator. Data are shown as mean ± SD (n= 
4). Asterisks (*) indicate the significant differences between resistant and susceptible fish (p<0.005).  

 

 

 

 
 

 
Figure 4. Genotype variation and normalized melting plots of HRM analysis at SNP2 on the resistant and susceptible African fish after the 
Aeromonas hydrophila challenge. Three different genotypes were identified within the population: TT, CC, and TC. 
 

 
 

 

 

For future development, it is essential to examine and 

confirm the association of the SNP2 in a larger population 
before its application as the potential marker in the African 

catfish selective breeding program. Moreover, the SNP2 

association with other bacterial pathogens or stress 

resistance and its correlation with the growth traits could 

also be examined. In conclusion, the LYSC gDNA 

sequence was identified and characterized in African 

catfish. The modulation of its expression in the immune-

tissues after A. hydrophila challenge suggests that the 

LYSC gene plays an essential role in A. hydrophila defense 

and resistance. The SNP2 found in the LYSC predicted to 

be associated with the resistance to A. hydrophila infection 
and may facilitate the future marker-assisted selection of 

the disease-resistance African catfish.  
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Figure S1. Phylogenetic tree of LYSC gDNA sequence of African catfish and other species. The tree was constructed using the 
neighbor-joining method with 1000 x bootstraps in MEGA X software
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