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Aquaculture has developed rapidly to become one of the most important food 

industries in the world. In recent years, increases in demands for local and 

exports markets of high-value fish species such as groupers (Epinephelus sp.) 

and Asian seabass (Lates calcarifer) have encouraged hatcheries to produce 

more fry to supply the demand from farmers. The increasing trend to develop 

large-scale production has led to intensive marine aquaculture practices, thus 

vulnerable to disease outbreaks that affects the quality of fry production. This 

study investigates the bacterial diversity and its functional genes that present in 

a semi-closed marine fish hatchery ecosystem between dry and wet seasons, 

by implementing amplicon metagenomics using Next-Generation Sequencing 

(NGS). The intestinal samples were collected from different sizes of tiger 

groupers (n = 9, 16.37 ± 5.46 cm, 54.00 ± 44.03 g and n = 9, 20.86 ± 8.73 cm, 

133.43 ± 158.15 g for dry and wet season respectively) and Asian seabass (n = 

10, 14.27 ± 4.45 cm, 41.93 ± 35.12 g  and n = 13, 16.13 ± 6.83 cm, 60.45 ± 55.07 

g for dry and wet season, respectively) as well as the culturing water (10 L), 

before proceeded to DNA extraction. The extracted DNA were then subjected to 

16S rRNA amplicon sequencing using Illumina Miseq platform, followed by 

determination and comparison of the bacterial diversity, abundance and 

functional genes between both seasons. Selected physicochemical and 

seasonal parameters were also determined. Results revealed that gut microbiota 

of the Asian seabass were dominated by phylum Proteobacteria and order 

Vibrionales during both seasons. Meanwhile, gut microbiome of tiger groupers 

shifted from domination of phylum Firmicutes and order Clostridiales during the 

dry season to Proteobacteria and Lactobacillales during the wet season. Water 

samples were dominated by phylum Proteobacteria and order Stramenopiles in 
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dry season but shifted to phylum Proteobacteria and order Flavobacteriales in 

the wet season. Total dissolved solid (TDS), water temperature (T), conductivity 

(C), salinity (S), ammonia (NH4), nitrite (NO2), nitrate (NO3), sulphate (SO4), 

average temperature (AT) and average rainfall (AR) showed significant different 

between dry and wet season. Proteobacteria, Firmicutes and Fusobacteria 

showed correlation towards the C, SO4, T, PO4, AR, AH and AT during the dry 

season, meanwhile phylum Bacteroidetes, Fusobacteria, SBR1093, WPS-2 and 

Verrucomicrobia showed strong correlation towards all environmental 

parameters during wet season. PICRUSt revealed functions that dominantly 

present in the tropical marine fish hatchery were metabolism, genetic information 

processing, environmental information processing, cellular process and human 

diseases. Remarkably, SIMPER analysis showed several potential 

metagenomics biomarker genes such as K03406, K06147 and K03088 in 

comparing microbiota between dry and wet season which can be utilised to be 

an indicator for the tropical marine fish hatchery environments. This study 

highlighted the dominant taxa and their putative function that dominated tiger 

grouper and Asian seabass as well as water samples in dry and wet season with 

the implementation if 16S amplicon approach better determination of the 

microbial profiles in the aquaculture systems. 
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Sektor akuakultur merupakan salah satu sektor yang menyumbang kepada 
pembangunan industi makanan di Malaysia. Sejak kebelakangan ini, 
permintaan ikan yang berkualiti tinggi seperti kerapu (Epihephelus sp.) dan 
siakap (Lates calcarifer) semakin bertambah secara import mahupun eksport. 
Ini secara tidak langsung menggalakkan pengusaha pembenihan ikan marin 
menghasilkan lebih banyak benih untuk memenuhi permintaan daripada 
penternak ikan. Namun begitu, kesan daripada peningkatan tersebut, hasil 
marin tersebut semakin terdedah kepada pelbagai penyakit yang memberi 
kesan kepada kualiti pengeluaran benih ikan. Kajian ini mengkaji tentang 
perbandingan diversiti bakteria dan gen berfungsi yang wujud di dalam 
ekosistem pusat pembenihan ikan marin separa tertutup di antara musim kering 
dan musim tengkujuh dengan mengadaptasikan konsep metagenomik dan 
penjujukan generasi hadapan (NGS).  Sampel usus ikan dari pelbagai saiz 
diambil daripada ikan kerapu harimau (n = 9, 16.37 ± 5.46 cm, 54.00 ± 44.03 g 
dan n = 9, 20.86 ± 8.73 cm, 133.43 ± 158.15 g merujuk kepada musim kering 
dan tengkujuh) dan siakap (n = 10, 14.27 ± 4.45 cm, 41.93 ± 35.12 g dan n = 
13, 16.13 ± 6.83 cm, 60.45 ± 55.07 g merujuk kepada musim kering dan 
tengkujuh) sebelum pengekstrakan DNA dibuat. Sampel air juga diambil 
daripada tangki ternakan ikan (10 L) dan pengekstrakan DNA juga dijalankan. 
DNA yang telah diekstrak dihantar untuk proses 16s Amplicon Sequencing 
menggunakan pelantar Illumina Miseq dan seterusnya proses data analisis 
untuk mengenal pasti dan membandingkan diversiti dan kekerapan bakteria 
serta gen yang berfungsi. Bacaan parameter fizikokimia dan parameter musim 
juga turut direkodkan. Dapatan daripada kajian ini menunjukkan mikrobiota di 
dalam usus ikan siakap semasa musim kering dan tengkujuh didominasi oleh 
filum Proteobakteria dan order Vibrionales manakala bagi ikan kerapu, ianya   
didominasi oleh filum Firmicutes dan order Clostridiales pada musim kering 
tetapi pada musim tengkujuh, mikrobiota yang mendominasi adalah filum 
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Proteobacteria dan Lactobacillales. Untuk sampel air, mikrobiota yang 
mendominasi adalah daripada filum Proteobacteria dan order Stramenophiles. 
Pejal terlarut (TDS), suhu air (T), konduktiviti (C), kemasinan (S), ammonia 
(NH4), nitrit (NO2), nitrat (NO3), sulfat (SO4), suhu purata (AT), dan purata hujan 
(AR) menunjukkan terdapat perbezaan ketara dia antara musim kering dan 
musim tengkujuh. Filum Proteobacteria, Firmicutes dan Fusobacteria 
menunjukkan hubung kait terhadap C, SO4, T, PO4, AR, AH dan AT semasa 
musim kering, manakala filum Bacteroidetes, Fusobacteria, SBR1093, WPS-2, 
Verrucomicrobia dan Cyanobacteria menunjukkan hubungkait yang positif 
terhadap semua parameter semasa musim tengkujuh. Dapatan daripada 
analisa PICRUSt menunjukkan bahawa gen berfungsi yang mendominasi 
adalah dikodkan untuk proses informasi alam sekitar, proses selular dan 
penyakit manusia. Disamping itu, analisis SIMPER menunjukkan beberapa gen 
yang berpotensi untuk menjadi penunjuk biologi metagenomik iaitu K03406, 
K06147 and K03088 untuk ekosistem pusat penetasan ikan marin tropika di 
antara musim kering dan musim tengkujuh. Kajian ini mendedahkan dominan 
taxa dan gene berfungsi dan kepentingan di musimkering dan musim tengkujuh 
menggunakan aplikasi metagenomik untuk lebih memahami kepentingan profil 
mikrobiota di dalam sistem akuakultur. 
 

Keywords:16S rRNA, kerapu, metagenomik, siakap, tempat penetasa  
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CHAPTER 1 
 

INTRODUCTION 

 
 

1.1 General Introduction 

 

Fish disease has been a restricting factor in increasing fish production, mainly 
affecting farmers, traders and customers, resulting in substantial financial losses. 
The infantile immune response in fish makes the early developmental stages 
more vulnerable to infectious diseases in the hatchery. In hatcheries and early 
rearing systems, common fish infections are spread by protozoans, ciliates, 
myxosporodians, worms, opportunistic bacteria and fungi (Faruk and Anka, 
2017). The production and survival rate of healthy fish seeds relies on 
appropriate approaches for health management, a conservation of good water 
quality, healthy diet and the implementation of biosecurity controls (Assefa and 
Abunna, 2017). One of the prerequisites for sustainable agriculture is healthy 
and disease-free fish seeds. Many systems were used to culture aquatic 
organism such as open, semi-closed and close system were practiced in 
aquaculture (Rud et al., 2016). In Malaysia, system that mainly practiced for 
hatchery production were semi-closed and closed system. This study was 
focusing on the marine fish hatchery which implement semi-closed system to 
produce fish seed for local fish farming.  Seasonal variation which causes on 
temperature and other parameter changes can affected the fish gut microbiota 
in terms of composition and their abundance (Ringo et al., 2016).  Metagenomics 
defined as combination of the technology in genomics and bioinformatics to 
identify genetic characteristic of the microorganism populations directly from the 
environment, which contain very complex genome within the microbial niche 
(Anderson et al., 2013). Metagenomics can be divided into two approaches, i.e. 
amplicon metagenomics (16S rRNA amplicon) and shotgun metagenomics. 
Amplicon metagenomics mainly focused on particular genes, which can be 
amplified by using polymerase chain reaction (PCR) before being sequenced 
and analyzed. In contrast, shotgun metagenomics gives broader description on 
potential genes diversity in the microbial world, which is much diverse than the 
amplicon metagenomics as shotgun sequenced all of the DNA that isolated from 
the environmental samples (Gilbert and Dupont, 2011). This study utilized 16S 
amplicon metagenomics to determine the bacterial community in a marine fish 
hatchery, coupled with metagenome prediction using PICRUSt to understand the 
microbial functions within the aquaculture environment during dry and wet 
season. The accelerating advancement of the metagenomics field contributed to 
the discovery of the timely diseases as control strategies in aquaculture and 
make it easier for identification and monitoring activities of the microbial 
communities in different ecosystems. Compared to the use of the classical gene 
sequencing such as polymerase-chain reaction (PCR), this conventional 
technique lacks the capacity to provide a general overview of the genome 
transcript within living organism (Munangandu and Evensen, 2017). 
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The field of metagenomics is a powerful tool to give information such as 
biocatalysts of enzymes, linkages of genome for function and phylogeny for 
cultured organisms, and evolutionary profile functions and structure of the 
microbial community (Wilmes & Bond, 2008; Gilbert et al., 2010). In comparison 
to the conventional approaches in which the outbreak agents were detected only 
after triggering the disease outbreaks, the use of metagenomics in aquaculture 
has boosted the capacity of researchers to diagnose the evolving pathogen 
before it causes outbreaks (Alavandi and Poornima, 2012; Munangandu et al., 
2017), development of natural diets with less adverse effects (Gajardo et al., 
2016) and discover the cellular process which manage different biological 
responses in aquatic organisms (Xu et al., 2015; Xu et al., 2016). 
 

1.2 Problem statement 

 

Widely known husbandry practices that are being practiced in intensive culture 
systems are high stocking densities, excess feeding and artificial fertilization. 
These provide an optimal environmental condition to produce numerous types 
of fish pathogens, which cause host species to suffer from stress as a 
consequence. Mohan (2007) found a few pathogenic bacteria triggering 
morbidity of seedlings in hatcheries and nurseries which include Aeromonas, 
Vibrio and Pseudomonas. Either as primary pathogens or as secondary 
opportunistic invaders, bacteria could lead to disease. The disease can cause 
mass mortality of the infected seed in a brief period, generate sustained small-
scale mortality, decrease growth and result in low quality seeds, depending on 
the severity and nature (Bondad-Reantaso, 2007). In relation, seed originating 
from infected hatcheries could have been infected and the pathogens could be 
transmitted to grow-out systems where epidemic could occur and resulting in 
stocked seed mortality. Seasonal impact on the environmental parameters such 
as temperature raising of the seawater during the dry season showed correlation 
with the increasing of the potentially virulent Vibrio spp. And the disappearance 
of the lactic acid bacteria (LAB) which could have negative impact on the fish 
health (Neuman et al., 2016). The microbiome diversity of the gastrointestinal is 
often implemented as a diagnostic tool to monitor the fish health and metabolic 
process, with least diversity of microbiota and stability closely suggesting that 
microbial infection may be present (Clarke et al., 2014). 
 

Gastrointestinal microbiota, a strategic function for mitigating emerging 
aquaculture diseases, may affecting fish physiology, growth, life span, immunity, 
and prevalent to pathogenic infection (Burns et al. 2016; Nie et al. 2017; Smith 
et al. 2017). In order to achieve this, a fundamental understanding on the 
relationship between fish health, microbiota, invading infectious agents and 
influenced of seasonal parameters are required. For example, higher microbial 
diversity and variations of Vibrio population were observed in Portuguese marine 
aquaculture in warmer season which involving seasonal factors such as 
temperature, pH and chemical parameters of the water (Pereira et al., 2011; de 
Brujin et al., 2017). Microbiome of the gastrointestinal tract therefore play a vital 
role in fish health. Aquaculture production system also plays an important role 
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for prolong production of marine fish. This study mainly focusing on semi-closed 
system during dry and wet season which has recirculating water system and 
microbiota that present in this system potentially have impact on the fish health.   
 

This study will utilize amplicon metagenomic approach using V3 and V4 region 
of 16 rRNA gene to understand the bacterial community from fish hatchery 
ecosystem that producing commercial marine fish fry during wet and dry season. 
The results are important to investigate the diversity patterns of the bacterial flora 
within the fish hatchery environment, and their functional gene that responsible 
for their biological processes. The bacteria and gene identification may help in 
developing microbiome-based diagnostic tool in monitoring and speed up the 
identification of pathogen in fish, thus help fish farming sectors to avoid massive 
losses due to pathogen infection in Malaysia. However, the application of 
metagenomics in aquaculture related study are still scarce in this country. 

 

1.3 Objectives of studies 

 

The objectives of this study are: 
 

i) To determine the diversity and abundance of the bacterial community 
that present in a water sample, tiger grouper and Asian seabass from 
tropical marine fish hatchery between dry and wet seasons. 

ii) To identify the functional genes of bacterial community that presence in 
a water sample, tiger grouper and Asian seabass from tropical marine 
fish hatchery between dry and wet seasons. 

 

1.4 Hypothesis 

  

Objectives 1: 
 
H0: There is no significant difference in terms of diversity and abundance of the 
bacterial community that presence in a water sample, tiger grouper and Asian 
seabass from semi-closed topical marine fish hatchery between dry and wet 
seasons. 
 
Ha: There is a significant difference in terms of diversity and abundance of the 
bacterial community that presence in a water sample, tiger grouper and Asian 
seabass from semi-closed topical marine fish hatchery between dry and wet 
seasons. 
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Objectives 2: 
 
H0: There is no significant difference of functional genes of bacterial community 
that presence in a water sample, tiger grouper and Asian seabass from semi-
closed tropical marine fish hatchery between dry and wet seasons. 
 
Ha: There is a significant difference of functional genes of bacterial community 
that presence in a water sample, tiger grouper and Asian seabass from semi-
closed tropical marine fish hatchery between dry and wet seasons. 
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