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 Abstract 

 

Although aquaculture management becomes challenging because of overuse, pollution and human activities reduced 

resources and genetic variations, current developments in molecular technology and genome programs have created an 

enormous evidences to be used for the genetic advancement of aquaculture. Over the past decade, using molecular markers 

showed polymorphism at the DNA level and played rising role in aquaculture. The utility of DNA markers has certified the 

hastiness in the exploration of fish germplasm. Various molecular markers present and their differences in principles, 

methodologies and applications still need careful consideration in selecting more useful marker for the successful 

management of aquaculture. In addition to the basic principles, necessities, pros and cons of various markers, this review also 

discusses their usage in different aspects of aquaculture; we provide an overview of the potential of various techniques of 

functional genomics like expressed sequence tags (EST), microarrays and RNA sequencing in aquaculture. 

 

Keywords: Molecular markers, RFLP; RAPD, AFLP; microsatellites, SNP, mitochondrial DNA, microarray, RNA sequence, 

fisheries, aquaculture. 

Introduction 
 

All organisms owing to their cellular and 

environmental properties are subjected to mutations, 

which ultimately lead to genetic variations 

(polymorphism). These mutations if occur within a 

particular nucleotide sequence might alter the whole 

amino acid string of a protein, result in a functionally 

new variant. In comparison to their original (wild 

type) counterparts, these variants might hold an 

increased or decreased metabolic efficiency, might 

perform poor or even get a new function. Similarly, 

gene expression may be pretentious by certain 

mutations in the regulatory regions, which alter the 

magnitude, and even pattern of expression e.g. turn on 

or off, over or under expression of proteins in certain 

tissues at various developmental or physiological 

stages of an organism (Marsjan and Oldenbroek 

2007). Consequently, DNA markers have been 

applied widely to validate pedigrees, monitor 

populations in wild, to exploit multiplicity in founder 

animals and to display inbreeding level in 

reproductively effective populations (Vandeputte et 

al., 2011); besides describe quantitative trait loci 

(QTL) (Huston et al., 2012). Genetic diversity among 

the population ultimately provides evidence to their 

life histories and scale of evolutionary segregation. 

Heritable variations are expressed as alterations in 

both the quality and quantity of alleles and gene 

arrangement on the chromosomes that are present 

within and among the basic populations (Williamson 

2001). Molecular markers are in fact the powerful 

informational tools in hand which help us to reveal 

genetic rareness among individuals, species and 

populations (Davey et al., 2011). Even during 

practicing diverse aspects of aquaculture, molecular 

markers have provided valuable evidences like 

identification and discrimination of aquaculture stocks 

on genetic basis, examining the importance of onset 

and propagation of fish stocks in aquaculture, besides 

facilitating selection of breeding programs and 

evaluation of chromosomal and gene manipulations 

(Yue, 2014).  

The aquaculture based fisheries management in 

most cases has been for the most part fruitful with the 

instant source of concern, for instance the large 

quantity and size of fish on hand during harvesting 

(Ward and Grewe 1995). Economically, this approach 

seems to be advantageous but in the end may result in 

the extermination of the respective populace. As part 

of a larger global concern, reduction of genetic 

resources in fish can in turn limit the genetic 
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resources of the biosphere. It is therefore imperative 

to support molecular genetics for its indispensable 

role in sustainable management of fisheries genetic 

resources (Ovenden et al., 2014). This approach will 

address conservation of both gene pools and genetic 

diversity; two slightly different aspects of genetic 

resources. Therefore, to develop an optimal strategy 

for effective management of genetic resources, 

genetic characterization of fish species in wild is of 

vital significance. Such a strategy once adopted will 

ensure the greatest economic benefits on one hand 

and will help to sustain natural populations on the 

other hand (Allendorf et al., 1987). Fish biologists 

and aquaculturists should elucidate the significance of 

the factors and conditions; permitting maintenance of 

species and populations as such. Molecular tools, 

which are currently available, hold the promise of 

allowing identification of genes for traits like, 

adaptation, functional traits, growth, and disease 

resistance. This review discusses the development and 

use of these different types of molecular markers and 

examines the present status and future prospects in 

fisheries and aqua-farming.  

 

Glimpses of Molecular Markers and 

Polymorphism 

 

Markers are “character traits” whose inheritance 

patterns can be tracked at the morphological, 

biochemical (isozymes) or DNA levels. These 

characters are called markers because they are used to 

obtain information about the genetics of other traits of 

interest. Molecular markers have revolutionized 

genome analysis in all species of mammals especially 

in human beings and livestocks, including fish. 

Genetic markers, which control morphological traits 

by a single locus, are typically more useful, because 

expression pattern of these markers is reproducible 

over a wide array of environs and is visually 

detectable. Although co-dominant morphological 

markers are useful to distinguish the genotypes, an 

expression of such characters is largely influenced by 

environmental factors and modifying genes that might 

limit its usefulness as a genetic markers. It is believed 

that the influence of environment is the major 

disadvantage of morphological and biochemical 

markers, which tend to give unreliable results 

(Vithanage and Winks 1992). The limited genetic 

variability especially among the varieties of same 

species restricts the application of morphological 

markers. Biochemical polymorphisms were the first 

markers used in animal genetics. The limitation of 

such markers in genetic diversity studies is because of 

the fact that, polymorphism observed and the number 

of polymorphic loci assayed at particular loci is often 

low (Marsjan and Oldenbroek 2007). However, 

introduction of protein electrophoresis in later part of 

19th century proved an approach to solve difficult 

discriminatory problems by shifting from phenotype 

to molecular products (Wirgin and Waldam 1994). 

This approach resulted in the earliest application of 

conservation and/or management of cultured fish 

species using genetic markers. 

In some species when multiple forms adapted to 

different environments occur at the same place, which 

are maintained by natural selection are said to possess 

polymorphism. Another words it means the existence 

of two or more forms of an individuals within the 

same species or differences in DNA sequences among 

the individuals (Joshi et al., 2004). Polymorphism can 

be either transient or balanced. In transient 

polymorphism, a genetically managed condition is in 

the process that spreads throughout the population and 

ultimately leads to uniformity. Balanced 

polymorphism on the other hand involves two or 

more forms maintained at logical frequencies in the 

same population. The polymorphism present in 

natural populations differs markedly in different 

species (Charlesworth, & Charlesworth, 2016). 

Sequencing or making restriction maps are often used 

to assess the grade of polymorphism. This 

information is generated in the characterization of 

mutant alleles at gene locus.  

Comparatively, the stability and degree of 

polymorphism offered by DNA markers is elevated 

than usual morphological or protein (isoenzyme) 

markers (Stallen et al., 2000).  Since genetic 

framework of a species is exclusive and remains 

unaffected by age, physiological conditions or the 

ecological factors, DNA markers are reliable for 

informative polymorphism. Understanding the nature 

of polymorphism may provide a base for developing 

strategies to exploit it for genetic purposes. For 

aquaculture purposes, a rapid molecular tool such as 

DNA barcode technique could be used to survey 

species membership verification, their composition 

and their differentiation from morphologically similar 

species (Spies et al., 2006; Hubert et al., 2012).  

At present, low-density aquaculture species like, 

tilapia, catfish, giant tiger prawn, kuruma prawn, 

Japanese flounder and Atlantic salmon molecular 

marker maps have been constructed. In case of high-

density species like trout, marker map was published 

in 2003. According to a report by Nichols et al. 

(2003), vast majority of fish markers (1300 in 

number) spreading throughout their genome are 

AFLPs however, around 200 markers are 

microsatellite in origin. Various DNA-based 

techniques utilized to evaluate genetic diversity in 

aquaculture species can be organized into two main 

classes (Figure 1.). 

 

Non-PCR Based Techniques 

 

Restriction Fragment Length Polymorphism 

(RFLP) markers (Botstein et al., 1980) marked the 

start of very different era in the biosciences, and as 

per Dodgson et al. (1997) are considered as the first 

shot in the genome revolution. In practice, RFLPs are 

recognized using restriction endonucleases that slice 
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the DNA only at specific sites referred as “restriction 

sites”. Digestion with a particular restriction enzyme 

yields DNA fragments of variable number and size 

among species and populations. Thus, results in 

polymorphic pattern of separation. The advantages of 

RFLP markers include relatively high polymorphism, 

co-dominant inheritance and high reproducibility. 

RFLP markers are considered better because of 

common incidence genome of plants in particular, 

elevated heritability and locus specificity. The method 

also provides prospect to monitor simultaneously 

numerous samples at the same time.  

 

PCR-Based Techniques 

 

The advancement of DNA magnification, using 

Polymerase Chain Reaction (PCR), a novel technique, 

unlocked the prospect of examining genetic changes 

in populations over the past 100 years or more. For 

simple understanding, PCR based techniques can be 

categorized into; (i) Randomly primed PCR-based 

procedures or sequence nonspecific methods and (ii) 

Sequence targeted PCR-based techniques, and (iii) 

Array Based Platforms.  

 

Random Amplified Polymorphic DNA (RAPD) 

 

Introduced in 1990, the technique uses in-vitro 

amplification arbitrarily to amplify the unknown loci 

of nuclear DNA with a matching pair of oligo-

primers, usually 8-10 base pairs (bp) in length (Welsh 

and McClelland 1990; Williams et al., 1990). RAPD 

technique evaluates the genetic disparity within or 

between the taxa of concern by assessing the 

occurrence or lack of each product, which is directed 

by alteration in the DNA sequence at each locus. The 

technique offers a simple, inexpensive but an efficient 

method of generating molecular data. Being highly 

polymorphic i.e. only a diminutive quantity of DNA 

is required with no prior comprehension about the 

genetic makeup of the individual (Hadrys et al., 

1992). It is the main reason why the method has been 

successfully engaged in many phylogenetic and 

taxonomic studies (Sharma et al., 1995; Khan et al., 

2000) and as such has been rather extensively in use 

in fisheries research. The major drawback left with 

this technique is that banding pattern is reliant on the 

reaction circumstances, which might fluctuate among 

different laboratories. Furthermore, an outcome 

amplification profile by each primer frequently 

includes several different loci within the genome, 

which essentially is unable to differentiate between 

heterozygous & homozygous individuals (Bardakci, 

2001).  

Mudasir et al. (2016) used RAPD markers for 

stock identification of Nemipterus japonicus. The 

technique has been extensively used for species 

identification in mollusks (Klinbunga et al., 2000; 

Crossland et al., 1993); and marine algae (Van Oppen 

et al., 1996). Bagley et al. (2001) utilized this method 

for investigation of genetic impact due to ecological 

stressors. Wolfus et al. (1997); Hirschfeld et al. 

(1999); Yue et al. (2002) are some of the excellent 

studies carried using RAPD in genetic diversity 

analysis.  

Arbitrarily Primed Polymerase Chain Reaction 

(AP-PCR) and DNA Amplification Fingerprinting 

(DAF) techniques are variant methodologies of 

RAPD which have been developed independently. 

AP-PCR technique involves nonspecific amplification 

for initial two PCR cycles using a single primer 

(Welsh and McClelland, 1990). There after the 

remaining amplification is carried out at high 

stringency by rising the annealing temperature. 

 
Figure 1. Molecular markers used in fisheries and aquaculture. 
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Initially, this modification was not very popular 

among researchers as it implicated autoradiography 

but after amplification, fragments could be 

fractionated by means of agarose gel electrophoresis. 

The DAF procedure on the other hand uses single but 

random primers usually less than ten nucleotides for 

extension (Caetano-Anolles and Bassam 1993) and 

the ensuing amplicons are analyzed using 

polyacrylamide gel alongside with silver staining.    

 

PCR-Restriction Fragment Length Polymorphism 

(RFLP) 

 

Over the last decade, population makeup of 

fishes has been effectively studied for mitochondrial 

DNA (mtDNA) using RFLP, and frequently revealing 

more divergent genetic heterogeneity than isozyme 

analysis (Billington and Hebert 1991). Recent 

induction of PCR automation (Saiki et al., 1985) and 

multi-specific primers (Kocher et al., 1989; Meyer 

1994) have promoted the effectiveness of the method 

by allowing mtDNA analysis to be carried out on 

selected segments of the mitochondrial genome even 

from tarnished or minute quantity of tissues. A 

number of commendable publications in this regard 

have come up in past (Chow et al., 1993; Cronin et 

al., 1993; Chapman et al., 1994; Giuffra et al., 1994). 

In recent years, species-identification techniques 

based on stable DNA molecules carrying the specific 

genomic information have gained recognition in food 

sciences, particularly fish origin. In view of its 

reliability, RFLP is standard technique used for 

genera, species or subspecies discrimination as 

studied in fishes by Quinteiro et al. (1998); Wolf et 

al. (2000); Russell et al. (2000). 

 

Amplified Fragment Length Polymorphism 

(AFLP) 

 

AFLP is a PCR based technique capable of 

generating multi-locus and reliable genomic 

fingerprints (Vos et al., 1995). Like RFLPs, the basic 

principle of AFLP polymorphism comprises insertion 

and deletion (indels) and substitution of nucleotides 

between and at restriction sites; similar to RAPD, it 

consists of base substitutions at primer binding sites 

during PCR. The technique in a way is unique 

because it allows the binding of adaptors of known 

sequences to DNA fragments generated by complete 

digestion of genomic DNA. Separation of fragments 

generated after subsequent amplification of subset of 

total fragments then becomes easy. Although the 

principal target is the identical as that of RFLP i.e. 

polymorphism but as an alternative of analyzing one 

locus at a time, it allows simultaneous study of 

numerous loci. Various advantages of AFLP 

technique can be summarized in following points. 

No need for prior knowledge of any sequence 

information. 

Multiple bands are produced per each 

experiment. 

These bands are produced from all over the 

genome. 

The technique is reproducible (Blears et al., 

1998). 

Have high discriminatory power. 

The data can be stored in database like 

AmpliBASE MT (Majeed et al., 2004) for 

comparison purposes. 

Campbell et al. (2003) studied the effectiveness 

of AFLP, while differentiating the origin of an 

individual from a recognized populace; they found it 

to be more efficient than the microsatellite markers. 

Since greater part of AFLP fragments match up to 

matchless genomic positions, these can be looked at 

as landmarks in genetic and physical mapping. The 

technique can also be helpful at the sub-species level 

in differentiating closely related individuals, and can 

help in mapping genes (Althoff et al., 2007).  Genetic 

research largely has been focused on evaluating and 

selecting better traits via cross breeding and 

interspecific hybridization (Bondari 1984; Dunham 

and Smitherman 1983; Hallerman et al., 1986; 

Wolters and Johnson 1994; Padi 1995). To increase 

the selective competence especially for traits like 

disease resistance, feed conversion efficiency, and 

processing yields; researchers need to expedite the 

development of superior markers allied with genetic 

loci controlling economically viable traits of superior 

breed stocks (Waldbieser et al., 1998).  

 

Microsatellites 

 

These include tandemly arranged manifold 

copies of simple sequence repeats (SSRs) of 1-6 bps 

in their size (Tautz 1989). Occurrence of 

microsatellites is very common in the entire the 

species studied to date, and in fishes, they subsist 

once every 10 kbs (Wright 1993). At the genomic 

level, microsatellites tend to be evenly disseminated 

on the entire chromosome i.e., both within gene 

coding part-introns (Liu et al., 2001c) as well as in the 

noncoding sequences. Depending on the number of 

base pairs in a repeat unit, microsatellites can be sub 

grouped into mono (e.g. C or A), di (e.g. CA), tri (e.g. 

CCA), tetra (e.g. GATA) repeat unit microsatellites. 

According, the short repeats of about 10-30 bases are 

microsatellites and longer repeats between 10-100 

bases are minisatellites.  

Since microsatellites loci are typically short, it is 

easy to amply them using PCR and subsequently 

analyzes the amplified products. Due to the lead of 

microsatellites in contrast to other molecular markers, 

they have gradually replaced allozymes and to some 

extent mtDNA.  

For the reason that hyper-variability of 

microsatellites, these markers regularly show tens of 

alleles at a locus that differ from each other in the 

number of the repeats (Hoshino et al., 2012). They 

have been exploited for the conservation of fish 
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germplasm, phylogenetic analyses, in breeding 

programs, construction of linkage maps, mapping 

economically important quantitative traits and 

identifying genes responsible for such traits. 

Microsatellites are still the markers of preference for 

studying multiplicity as well as parentage scrutiny; 

QTL mapping, although in the near future, their 

applicability may be tested with the development of 

SNPs. 

 

Single Nucleotide Polymorphism (SNP) 

 

SNP demonstrate polymorphism that result in 

different alleles as a consequence of point mutation 

caused by addition or deletion of single base at a 

particular nucleotide position within a locus. SNPs 

becoming center of attention in molecular marker 

development is because of the fact that these markers 

are most profusely identified in any organism’s 

genome (coding and non-coding regions), revealing 

concealed polymorphism usually not identified with 

other markers and methods (Morin et al., 2004; Liu 

and Cordes 2004; Rasal et al., 2016). In the whole 

genome, the occurrence of SNPs is copious in non-

coding regions. Within the coding regions, SNP is 

either non-synonymous resulting in an amino acid 

change (Sunyaev et al., 1999), or it is silent without 

altering the amino acid sequence, that can result in 

phenotypic changes by modifying mRNA splicing 

(Richard and Beckman 1995). Even though 

availability of complete genomic sequences for 

majority of candidate species in aquaculture is 

insufficient (Liu 2011), but using next generation 

sequencing expertise, such as restriction site–

associated DNA sequencing (RAD-seq), SNP 

development can be made possible. According to Le 

Bras et al. (2011), SNPs can be potentially used for 

linkage mapping.  

In aquaculture, SNPs are mostly used for 

genomic studies and identification of diagnostic 

markers for various diseases (Okumus and Ciftci 

2003). Research pertaining to breeding programs like 

a) marker assisted genomic selection, b) QTL 

mapping and positional cloning, c) haplotype and 

pedigree analysis, d) variety identification and seed 

purity testing, and e) monitoring performance of 

different allelic combinations in target environs 

(Bernardo 2008; Kim et al., 2010; Moose and Mumm 

2008; Mc Couch et al., 2010), find use of SNPs very 

promising and as such are considered next generation 

markers.  

 

Quantitative Trait Loci (QTL) Mapping 
 

QTLs are the regions within the genome that 

include genes associated with a particular trait, for 

instance growth, yield, adaptability to a particular 

environ, disease resistance. To identify QTL for 

essential traits in entire genome of the species of 

concern, the availability of linkage maps is essential 

to assist the selection of those desired traits. 

According to Yue 2013, in more than 20 aquaculture 

fish species, QTL for traits like cold and salinity, sex 

determination, growth and disease resistance have 

been mapped.  Such studies can provide necessary 

information about patterns and the rate of 

evolutionary changes besides may provide tools for 

marker assisted selection (Groenen et al., 2000). 

Mapping typically results in differing crosses and 

segregation pattern analysis in the offspring of 

hybrids between the divergent crosses. The applied 

goal of mapping understood so far is to identify the 

position of specific phenotypic traits, which could be 

helpful in breeding programs. Mapping genes and 

QTLs is of fundamental and applied interest in 

aquaculture species. Yue (2013) mentioned 

polymorphic markers, genotyping platforms, 

reference families and software programs are 

prerequisite for constructing a linkage map of any 

species. The purpose of QTL mapping is to assist in 

selective breeding by understanding the effect and 

quantity of genes determining a trait (Naish and Hard 

2008). QTL analysis for important traits like thermal 

tolerance, spawning time, embryonic development, 

growth traits, stress, salinity tolerance, infectious 

hematopoietic necrosis and bacterial cold-water 

disease have been conducted for more than 20 

aquaculture species including finfish, mussels and 

crustaceans. QTL mapping is the practical application 

of marker-assisted selection in aquaculture (Sakamoto 

et al., 2000). Among the 20 species studied so far, 

tilapia and rainbow trout are among most important 

fresh water food fish species where salmons are the 

major cultured marine fish species (Gjedrem and 

Baranski 2009).  

 

Mitochondrial (mt) Marker 

 

DNA within mitochondria has been 

indispensably used in phylogenetics and bar-coding 

studies. mtDNA is inherited maternally except in 

edible oyster, it is haploid and has a high rate of 

mutation unlike nuclear genome it does not recombine 

and evolves more rapidly. In view of these 

characteristics, biologists have been able to 

reconstruct evolutionary relationships between and 

within species by assessing mutation patterns in 

mtDNA. The size of the mitochondrial genome in 

animals varies among different organisms, but 

typically the number is around 16,000–19,000 base 

pairs (bp) in teleost fish. In animals including fish, 

mtDNA encodes 13 proteins, 2 ribosomal RNAs, and 

22 transfer RNAs (Boore 1999). These genes are 

highly packed on the mitochondrial genome without 

introns. D-loop region is the highly polymorphic 

region making it useful for analysis of population 

genetics (Norman 1994). mtDNA markers are in 

principle RFLP markers the only distinction is that 

target DNA is mitochondrial and not nuclear (Cronin 

et al., 1993). The analysis of mitochondrial markers is 
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mostly RFLP analysis, or direct sequence analysis 

(Liu and Cordes 2004). Being highly polymorphic 

and ease of analysis, mtDNA has been very successful 

as markers in aquaculture and fisheries research. 

There are some excellent studies by Avise et al. 

(1986), Graves et al. (1992), Gold et al. (1993a), 

Chow et al. (1993), and Heist and Gold (1999), which 

emphasize the extensive use of mtDNA in stock 

structure analysis of fishes. Mitochondrial markers in 

part due to their use in brood-stock identification are 

widely accepted among aquaculture geneticists 

(Benzie et al., 2002). These markers also provide a 

brisk way of detecting hybridization between species 

or their sub-species (Nijman et al., 2003). The two 

major drawbacks of mtDNA markers are, one is the 

non-Mendelian inheritance, and the second is the 

proportion of the total genomic variation one can 

observe with mtDNA alone. Additionally, mtDNA 

markers are subject to similar problems that exist for 

other DNA-based markers. For example, in back 

mutation cases, nucleotide sites that have already 

undergone substitution are returned to their original 

state. Mutations taking place at the same site on the 

mtDNA in independent lineages and unparallel rates 

of heterogeneity at the same region can place 

limitations on the validity of using mtDNA for 

genetic studies. Recent studies have suggested that 

mtDNA can influence performance traits (Steele et 

al., 2008). 

 

Array Based Platforms 

 

Over the past few decades, the need for better 

throughput, reduced cost per data point and better 

map resolution lead to the evolution of molecular 

markers (Kumar 1999; Gupta and Rustgi 2004). 

Essentially, microarray is a carefully constructed set 

of probes arrayed on some hard surface to which 

cellular cDNA copies of RNA are hybridized. 

Microarray technology provides a thoughtful insight 

about the temporal and spatial expression patterns of 

genes in reaction to a variety of factors to which an 

organism is exposed. It is a powerful tool to measure 

the expression pattern of innumerable genes 

simultaneously in an organism that ultimately helps to 

understand the Transcriptome and proteome as well. 

This approach might divulge the global patterns of 

expressed genes besides identify novel genes 

associated with phenotypic characteristics. Arcand et 

al. (2004), Gonzalez et al. (2004). Zhang et al. (2009) 

reviewed that microarray tool is a powerful method in 

fisheries research for rapid screening of genes or 

transcriptional profiles or for characterizing 

economically important traits for instance, genes 

linked to growth, feed conversation, disease 

management, etc.  

In fisheries and/or aquaculture, DNA microarray 

exists in two fundamental platforms:  

High Density Arrays or Expressed Sequence 

Tags (EST) include gene fragments spotted on the 

chip, providing a “ready to use chip” for analyzing the 

simultaneous expression of a relatively large number 

of genes. 

Customized cDNA microarrays PCR amplified 

cDNA fragments or synthetic oligonuleotide based on 

ESTs spotted on glass slides or nylon membranes (Ju 

et al., 2007).  

cDNA microarrays have been developed from 

manu fish species, for instance, cDNA libraries 

microarray with 4512 clones in zebra fish (Ton et al., 

2002), 11060 clones spotted in duplicate in European 

flounder (Platichthys flesus) (Cohen et al., 2008), and 

a chip containing about 4500 features for the African 

cichlid fish, Astatotilapia burtoni (Renn et al., 2004). 

Similarly, salmonid microarray containing about 

16006 cDNA has been used to study the 

transcriptomics response to fast-twitching muscle 

atrophy from gravid trout compared to those of sterile 

fishes (Ewart et al., 2005; Salem et al., 2006). These 

are all personalized microarrays. Furthermore, 

Panicker et al. (2004) developed a DNA microarray 

assay for the real-time detection of five marine fish 

pathogens viz., Vibrio vulnificus, V. anguillarum, V. 

parahaemolyticu, Photobacterium damselae and 

Aeromonas salmonicida. Further, three shellfish 

pathogens (i.e., Vibro vulnificus, V. cholerae, and V. 

parahaemolyticus) were detected by González et al. 

(2004) by developing a gene-specific DNA 

microarray. Studies by Rise et al. (2004); Sigh et al. 

2004; Lindenstrom et al. (2006); Fast et al. (2006); 

Martin et al. (2006),  unfold the use of  microarray 

based expression patterns of target genes to 

investigate immune response, disease processes and 

resistance in salmonid.  

Microarray have also been used to explore the 

response of rainbow trout transcriptome to chemical 

contaminants (Koskinen et al., 2004), toxicogenomic 

profiling of hepatic tumour promoters (Tilton et al., 

2006), and gene expression in atrophying muscle 

(Salem et al., 2006). The application of DNA 

microarray in fish biology and aquaculture could have 

immense significance through discovery of novel 

genes, their expression profiles and response to 

various environmental stimulations at genome level.  

 

Expressed Sequence Tags (EST) 
 

Understanding genomes of fish species having 

aquaculture importance becomes critical in gaining 

detailed information about the performance and 

production traits. Although availability of approaches 

like serial analysis of gene expression (SAGE) has not 

diverted the attention of scientists from ESTs as 

desirable method in discovering target genes in 

aquaculture. Recently, several novel sequencing 

platforms have been developed allowing generation of 

expressed sequence tags via de novo sequencing of 

complete genomic transcriptome. EST sequencing has 

been one of the primary techniques employed for 

transcriptomics analysis in wide range of species 
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including fishes (Liu 2006).  In full-length cDNA 

synthesis and gene sequencing, ESTs are considered 

important. It is among the most brisk molecular 

techniques for rapid identification of a large number 

of genes. By virtue of its remarkable rate of gene 

discovery, EST analysis has been exceptionally 

accepted. EST database have already been established 

in species like Atlantic salmon (Salmo salar) and 

oyster (Crassostrea gigas). Similarly, cDNAs and 

ESTs databases offering development of virtually no 

cost markers for Rainbow trout have been made 

available to public (Venkatesh et al., 2005). 

Comparatively, EST database has been one of the 

fastest mounting repository at NCBI. Species like 

Atlantic salmon, Rainbow trout, catfish, oysters and 

shrimps have established ESTs. 

 

Transcriptome Sequencing 

 

Transcriptomics specifically aims to: (1) register 

all transcripts in a framework of cell types for a 

species, including mRNAs, small and non-coding 

RNAs; (2) find out the transcriptional patterns of 

genes in terms of their start and end sites, splicing 

patterns and other post transcriptional modifications; 

and (3) measure transcript expression levels during 

development and varied physiological and 

pathological conditions (Liu et al., 2013). Recently 

RNA Sequencing (RNA-Seq) technique with far 

higher resolution than available with conventional 

Sanger sequencing and microarray based methods 

was developed besides eliminating numerous 

challenges posed by microarray technologies, 

including the limited dynamic range of detection. In 

this technique, next generation sequencing 

technologies are employed to sequence directly 

cDNAs generated from the RNA of interest. The 

reads so obtained can be aligned to reference genome 

to construct a whole genome transcriptome map. The 

applicability of high-throughput next generation DNA 

sequencing (NGS) technologies have altogether 

revolutionized the transcriptomics by allowing RNA 

analysis through cDNA sequencing at massive scale 

(Liu et al., 2013). In view of the importance of 

sequencing capabilities, such as throughput, read 

length, error rate and ability to perform paired reads 

for RNA-seq as well as genomic studies, NGS 

companies are constantly improving their platforms to 

provide the best sequencing performance at the lowest 

cost (Metzker 2010). Based upon the different choices 

of sequencing technologies, sequencing yields and 

varying read lengths, RNA-seq data analysis involves 

two approaches. First approach engrosses mapping 

the resultant reads to a reference transcriptome while 

the second one adopts de novo assembly for species 

without the reference genome or reference 

transcriptome. Accordingly, a genomic scale map 

composed of both the transcriptional structure and 

expression level for each gene can be generated 

(Wang et al., 2009). Presently RNA-Seq is being 

widely used in functional genomics studies both in 

aquaculture and their related model species like  

Zebrafish (Hegedus et al., 2009; Aanes et al., 

2011; Ordas et al., 2011) catfish (Liu et al., 2013), 

Atlantic cod (Johansen et al., 2011), rainbow trout 

(Lewis et al., 2010; Salem et al., 2010), European eel 

(Coppe et al., 2010) and spotted gar (Amores et al., 

2011). Salem et al., (2012) using RNA sequencing 

identified about 22 SNP markers and 1 mtDNA 

haplotype with growth traits in rainbow trout. Liu et 

al. (2013) studies whole genome transcriptome in 

rainbow trout exposed to various stress conditions 

using RNA sequencing. Although, most farmed fish 

lack a reference genome and in most cases the 

transcriptome information available is very scarce. 

However, this is not limiting for RNA-seq approaches 

which are powerful tools for de novo assembly and 

transcriptome profiling of different eukaryotes 

including non-model fish species (Coppe et al., 2010; 

Crawford et al., 2010; Surget- Groba and Montoya-

Burgos 2010). The potential of RNA-seq for whole-

transcriptome analysis has been demonstrated recently 

in zebrafish (Danio rerio), a well-established model 

for genetics and developmental biology with an 

annotated transcriptome of 16,416 genes. Genome 

sequencing of fishes and shell fishes contributes not 

only to the understanding of their evolution but also to 

environmental genomics and aquaculture (Crollius 

and Weissenbach 2005; Cossins and Crawford 2005).  

 

New Molecular Markers Made Available in 

Aquaculture Species. 
 

In aquaculture, DNA markers for species like 

catfishes, tilapias, salmonids, shrimps, and oysters are 

being development as part of a regional project (NE-

186) in USA, now a part of National Project NRSP-8. 

Similar efforts are also going for striped bass. 

Similarly, a lot of progress has been made in the 

development of microsatellite markers in Atlantic 

Salmon (Houston et al., 2014), catfishes (Liu 2003; 

2001c; Tan et al., 1999) tilapias (Carleton et al., 2002; 

Palti et al., 2001; Streelman and Kocher 2002; Cnaani 

et al., 2002), Penaeid shrimps (Xu et al., 1999), 

common carp (Tanck et al., 2001) and chinook 

salmon (Williamson et al., 2001; Naish and Park 

2002). Likewise, AFLPs for species like channel 

catfish and blue catfish (Liu et al., 1998b, 1999c), 

rainbow trout (Young et al., 1998) and oysters (Li and 

Guo 2004; Yu and guo 2003); RAPDs for catfish (Liu 

et al., 1998a, 1999b) and Asian arowana (Yue et al., 

2002); and SNPs for catfish (He et al., 2003b) have 

been developed. 

 

DNA Markers; Their Application in Aquaculture 

Genetics 

 

In fishes, elementary problem is the correct 

identification of stocks species which ultimately lead 

to the idea of defining stock management (Carvalho 

javascript:openDSC(4048513407,%201840,%20'30854');
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and Hauser 1995). Requirement in any long-term 

culture programme is the identification and 

discrimination of stocks on genetic basis. To avoid the 

deleterious effects of inbreeding, crossbreeding of 

fishes from genetically different strains is of critical 

importance. This can be done effectively if data about 

genetic similarity and disparity is available especially 

when pedigree information is altogether lacking 

(Ferguson 1994), at the same time, genetic markers 

can be suitable for evaluating the variation between 

aqua cultured stocks and wild populations and 

attending to concerns about escapes or discharges 

from aquaculture farms in to natural population. 

Another application is the development of genetic 

tags, which breeders could utilize to safeguard their 

proprietary rights over their products.   

Since fishes show surprising diversity in terms 

of their shape, size and color, their correct 

identification is not only of interest for taxonomy and 

systematic but also a requirement in studying their 

natural history and ecology, management, tracking 

dispersal patterns of eggs and larvae, estimation of 

recruitment and spawn areas and identification of 

food (Rasmussen et al., 2009). This information is 

very important for ecological monitoring, 

environmental impact assessment, and compensation 

of fisheries, resource management and conservation, 

prevention of smuggling and establishment of marine 

protected areas (Rasmussen et al., 2009).  

 

Assessment of Genetic Manipulations 

 

Genetic manipulation of fishes can be assessed 

by an array of methods like, polyploidy and 

gynogenesis, but genetic markers are invaluable for 

its successful confirmation. Owing to the high 

polymorphism of microsatellite markers, triploidy, for 

instance can be confirmed, because of the high 

polymorphism of the said markers, which makes it 

possible to observe three allele genotypes at certain 

loci. Single-locus markers like, VNTR loci work 

ideally for such assays (Ferguson 1994). Highly 

polymorphic genetic markers can also be used for 

assessing the level of homozygosity, which is 

expected to be complete in the case of mitogynes thus 

differentiating meiogynes from mitogynes. In 

aquaculture, molecular markers can further be applied 

in sex determination in case of monosex populations 

produced by sex reversal of females into males 

(masculinization) (Devlin et al., 1991). In transgenic 

fishes, introduced genes are tracked i.e., the 

assessment of integration, their expression and 

transmission, is done by methods utilizing nuclear 

DNA.  

 

Interspecific Variations 

 

Interspecfic and intergenic hybridization occurs 

to great extent in nature including both freshwater as 

well as marine fishes. The real number of hybrids in 

nature may well be much higher than the number of 

hybrids actually known to investigators or identified 

correctly. When genetically differentiated individuals 

or groups are mated involving crosses within a 

species (also known as line crossing or strain 

crossing) or crosses between separate species, 

hybridization is said to have occurred. The breeding 

technique has gifted aqua culturists a hand on 

technique to produce aquatic organisms with desirable 

traits or general improvement in performance. 

Generally, the desired goal for any aquaculturist is to 

generate seed that can perform better than their 

parental stock (hybrid vigor or positive heterosis) in 

terms of different desirable traits. Hybridization also 

may be used to diffuse other advantageous features, 

e.g. disease resistance, from one species or group to 

another, to merge valuable traits from two species into 

a single one, e.g. good growth and fine quality of 

flesh, and to produce sterile individuals. The 

consequences of introgressive hybridization because 

of hetero-specific mating among species are 

frequently encountered in surveys of genetic diversity 

(Funk 2003). Introgressive hybridization results from 

the movement of DNA from one species to another 

species in the gene pool by repeated backcrossing of 

hybrid individuals with one or both parent species. 

According to Arnold (2009), this approach could be 

an important source of novel variations for a 

population less restrained by in situ mutation. 

However, it is difficult to say how often hybridization 

occurs within an individual group of closely related 

species. Further as has been observed heterospecific 

mitochondria might sometime invade the gene pool or 

even exchange the native mtDNA of a species 

subsequent to hybridization (Funk 2003; Chan 2005; 

Nevado 2009), but the fraction of the nuclear genome 

that is actually affected has rarely been documented 

as such (Yatabe 2007). Comprehensive evolutionary 

theory demands key focus on these issues, particularly 

since the consequences of hybridization may go well 

beyond reinforcement to include hybrid speciation, 

adaptive radiation, adaptive introgression, and 

combination or disappearance of poorly isolated 

species (Mallet 2005; Arnold 2009).  

In order to manage individual species 

effectively, identification of different species from a 

mixed catch becomes important. DNA markers are 

widely being accepted not only to obtain information 

about gene flow and allele frequencies in aquaculture 

practices but also to identify hybrids. The majority of 

the markers, which are used in inter- and intra-

specific disparity, include RAPD for species and sub-

species identification done in tilapia (Bardakci and 

Skibinski 1994), and iso-enzyme used in intraspecific 

variations in Sparidae species (Alarcón and Alvarez 

1999). Similarly, Nijman et al. (2003) reported the 

use of mtDNA markers as an important tool in rapid 

detection of hybridization between species and 

subspecies of livestock.  

The management of capture fisheries can be 



  H.M. Maqsood and S.M. Ahmad  /  GenAqua 1: 27-41 (2017) 35 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

made easy by utilization of molecular and genetic 

approaches. For instance genetic characterization, 

genetic marking and identification of fish species, 

strains, lines, populations can help to maintain the fish 

stocks in natural environments. DNA marker 

technologies have the capacity to provide “diagnostic 

kits” to identify many important species and 

populations (Liu and Cordes 2004). Such technologies 

should be adapted for wider use in the 

characterization of wild fish species and their stocks 

that are captured by humans, because at some level 

those species might be depleted because of 

overexploitation. For endangered species and 

depleting stocks, genome technologies can 

characterize fish species even after it has been 

processed. This should provide greater levels of law 

enforcement. Consumers should also be protected to 

ensure that fish product is labeled accurately at the 

point of sale (Maldini et al., 2006). Genomics has a 

lot to offer in accurate disease diagnosis, development 

of fish vaccines, drug resistance and to ensure the 

safety of aquatic products. Existing technologies are 

practically capable of delivering immediate results. 

Genome research, through QTL mapping, SNP 

identification provides potential avenues for 

addressing some of the problems (diseases) that 

threaten aquaculture industry by mapping major genes 

responsible for disease resistance. Palti et al. (1999) 

reported use of MAS in brood stocks development, 

containing disease resistant genes and conceptually 

traditional hybridization could be used to allow their 

introgression (Liu et al., 2003). Vaccines for fish 

diseases need special attention, though their 

applications in aquaculture have some limitations 

(Lorenzen et al., 2002). One major difference is the 

large number of individuals in populations of farmed 

fish species and their relatively low individual value. 

The aquatic environment also poses technical 

difficulties. Genome research may allow development 

of more effective vaccines, including DNA vaccines 

(Kurath 2005) and can indirectly help to find effective 

vaccine delivery systems. Genome technologies 

should also provide means for monitoring drug 

resistance in fish pathogens. This is concern to 

scientific community, because countries that produce 

fish but have relaxed laws with respect to drug use in 

aquaculture could contribute to increases in drug 

resistance in many pathogens with zoonatic 

importance (Graslund and Bengtsson 2001). 

Molecular markers also find application in estimating 

the genetic loss in hatcheries through comparison with 

wild counterparts. Genetic upgradation programmes 

thus can be planed for effective monitoring of farmed 

stocks against inbreeding loss. A major aspect of such 

studies is to address the assessment of farm escapes 

into the natural population and introgression of wild 

genome. For example, Perkins and Krueger 1993 

studied the variation in Brook trout (Salvelinus 

fontinalis) stocked in naturalized lakes, and hatcheries 

in New York and Pennsylvania using allozyme 

expression. They reported, all wild-unstocked 

populations were highly differentiated and 

significantly different from each other and from 

hatchery samples. Similarly, genetic diversity was 

investigated using microsatellites in farmed and feral 

populations of the Atlantic salmon (Norris et al., 

1999). Less genetic variability in terms of allelic 

diversity was found in farmed as compared to their 

natural source population. Diversity in allozymes and 

three microsatellite loci was assessed in populations 

of natural and cultured stocks of Sparus aurata 

(Palma et al., 2001) and Sparius auratus (Alarcon et 

al., 2004). The microsatellite heterozygosity values 

were high in wild, but lower in the cultured samples.  

 

Conclusion  

 
Molecular markers have revolutionized the 

biological science and fisheries and aquaculture is not 

an exception. The markers discussed above show 

diverse usage in the applied aquaculture and fisheries 

research. The growing applications are reflected by 

the frequency of related literature being published to 

different journals. A range of area in fisheries where 

these markers can be used as valuable tools are 

species identification, population size and structure, 

intra specific relationship, stock enhancement, 

hatchery management, selective breeding, systematic 

and evolutionary genetics, legal applications and 

many other. These molecular markers can prove 

fruitful in fields like fish nutrition and disease 

management programmes.  
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