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Molecular biology techniques have been applied in aquatic areas with great success and have largely replaced traditional
methods as a fishery management tool. Molecular biology techniques are focused on the cultivation of high-yield and stress-
resistant varieties, detecting and preventing diseases as well as the development of new types of better breeding technology.
The aim of this article is to introduce applications of molecular biology and techniques into these areas.

Keywords molecular biology and techniques, environmental management, aquaculture, disease diagnosis, disease preven-
tion

INTRODUCTION

In recent years, one of the most prominent features in the life
sciences is the rapid development of molecular biology tech-
niques. At present, the molecular biology theory and technology
have been widely used in the improvement and identification of
plant and animal species, diagnosis and treatment of human
diseases, and other fields. Now molecular biology techniques
have been applied in aquatic areas with great values. Molec-
ular biology plays a very important role in solving problems
in aquaculture technology, opening up new areas, and trans-
forming the traditional model of industry. Many countries have
researched and developed aquaculture-related molecular biol-
ogy techniques, focusing on the development of new types of
good breeding, the cultivation of high-yield stress-resistant va-
rieties as well as new technologies and methods in detecting and
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preventing diseases. Therefore, there are still a lot to develop
in the application of molecular biology techniques into the im-
provement of aquaculture species and prevention of diseases.

In the detection of pathogens in plants and animals, method-
ology develops towards a more specific, faster, more convenient,
more secure, integrated, micro-oriented, quantitative, low-cost
direction after the stages of biological culture, microscopy, bio-
chemical testing, immunization, and molecular biology. Tra-
ditional pathogen detection analyzes the peripheral or serum
characteristics of the pathogens cultivated in mediums or cells,
or analyzes the impact of pathogens on the host organs, using
histological detection (Adams et al., 1996). Because of time-
consuming research and the low specificity and sensitivity, these
methods are far from meeting the needs of daily rapid detection
work. Immunological method can shorten the inspection time to
a certain extent. In sensitivity, the enzyme-linked immunosor-
bent assay (ELISA) does better than immunofluorescence, re-
verse immune gel electrophoresis, and immunodiffusion, and it
is the most widely used method in pathogens immunological
detection (Meyers et al., 1993). However, immunological meth-
ods have been greatly limited because of much cross-reactivity
between pathogens. In the past ten years, the rapid development
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126 J.-Y. ZHENG ET AL.

of molecular biology techniques has greatly improved the
level of disease diagnosis in aquaculture. Nucleic acid-based
molecular diagnostic techniques rely on the specific DNA or
RNA sequences contained in each pathogen; therefore, even
when the in vitro culture medium or the method has not been
established, molecular biology techniques can exclude these
intermediate links, directly access to the core of the test, and
greatly enhance the detection sensitivity. According to the study
scope and purpose, molecular biology techniques can identify
pathogenic microorganisms to sub-species or strains. Molecular
diagnostic techniques include polymerase chain reaction (PCR),
probe hybridization, restriction enzyme digestion, nucleotide
sequencing, the first two of which are most widely used. At
present, molecular diagnostic technology has been successfully
applied to the detection and identification of bacterial, viral,
parasitic, and fungal pathogens in fish, shrimp, and shellfish
(Cunningham, 2002; Karunasagar et al., 1996; Lightner and
Redman, 1998).

APPLICATION OF MOLECULAR BIOLOGICAL
TECHNIQUES IN DISEASE DIAGNOSIS

Applications of PCR Technique in Disease Diagnosis

PCR is a method of enzymatic synthesis and amplification
of specific DNA fragments in vitro. The typical reaction system
includes templates, primers, polymerase, and deoxy-nucleoside
triphosphate and appropriate buffer. Each PCR thermal cycle
includes denaturation, annealing, and extension. As the PCR is
affected by many factors, further verification tests are needed
(such as restriction enzyme digestion, probe hybridization, or
nucleotide sequencing). Many scholars have developed a num-
ber of PCR-based pathogen detection methods. For instance,
Beaz-Hidalgo et al. (2008) amplified fstA gene by PCR to de-
tect Aeromonas in salmon and Altinok et al. (2008) developed a
multi-PCR, which can simultaneously detect five kinds of bacte-
rial pathogens in fish. Xie et al. (2001) used nested PCR to detect
White Spot Syndrome Virus (WSSV) of Penaeus monodon.

In recent years, many new PCR technologies have been de-
veloped, such as immunization PCR, nested primer PCR, and
real-time quantitative fluorescent PCR. Please see detailed in-
formation in Table 1.

Applications of In Situ Nucleic Acid Hybridization in Disease
Diagnosis

In situ nucleic acid hybridization technique, bind known base
sequences with marked nucleic acid probes with nucleic acid
bases in organization or cells that are to be detected to form
hybrids, according to the principle of base pairing. With the
corresponding markers detection system, the hybridization sig-
nals with a color are formed in situ through histochemistry
or immunohistochemical staining methods. The technology is

Table 1 List of three new types of PCR technology

Category Advantages Limitations

Immune PCR High sensitivity, mass
concentration of antigen
material is as low as 2 ng/L

Affected by many
factors, needed to
explore the
conditions

Nested-PCR Specificity, sensitivity is 100
times higher than
conventional PCR, rapid

Complex in operation,
likely to cause
pollution

Real-time quantitative
fluorescent PCR

Specificity, effective in
elimination of PCR
contamination

Expensive

of high sensitivity, specificity, and practicability. For example,
Lei et al. (2001) used in situ hybridization to detect WSSV in
Chinese shrimp, showing that this technique has a high appli-
cation value in the diagnosis of epidemic outbreaks of shrimp.
Venkateswaran et al. (1998) used the gyrase B gene (gyrB) as a
molecular diagnostic probe. Virus (Vibrio, Parahaemolyticus) is
detected in 27 artificial inoculated shrimp samples, providing us
with a fast, reliable, and sensitive method for V. parahaemolyti-
cus detection in shrimp. Mari et al. (1998) extracted ssRNA gene
from the purified Taura Syndrome Virus (TSV), transcribed it
into double-stranded cDNA and constructed cDNA library, and
then filtered two specific probes, pP15 and pQ1, by plasmid
vectors reorganization. Through the Northern blotting and dot
blotting, the two probes can specifically hybridize with extracted
RNA-TSV gene, TSV and TSV-infected shrimp tissue fluid.

Applications of Restriction Detection in Disease Diagnosis

Restriction enzyme recognizes short sequences of DNA and
cuts DNA in the recognition sites. Single nucleotide change can
lead to an increase or missing in restriction enzyme sites. As a re-
sult, the number of restriction fragments, the so-called restriction
fragment length polymorphisms (RFLP), changes. Followed by
gel electrophoresis, DNA fragments are separated according to
their sizes in the gel. Different fragments can be observed for
variation analysis after staining. With restriction, the total DNA
of different samples can generate enzyme polymorphism. De-
tecting these polymorphism differences, however, needs to use
labeled specific DNA probes for confirmation. Isotope label-
ing is shown by autoradiography, while the non-isotope-labeled
(such as an enzyme marker) can be shown by color technol-
ogy; in this way, DNA polymorphism can be revealed. Another
method does not require DNA probe hybridization, and the first
step is restriction of DNA fragments. With specific DNA frag-
ments as the target, restriction fragment length polymorphism
can be shown through PCR amplification, which is called am-
plification fragment length polymorphisms. Such a diagnosis
for pathogenic microorganisms is a very useful and direct tool
(Austin et al., 1997; Borrell et al., 2000; Talaat et al., 1997).
It can also be used to identify specific parasites (Cunningham,
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DEVELOPMENTALLY UTILIZING MOLECULAR BIOLOGICAL TECHNIQUES INTO AQUACULTURE 127

1997; Cunningham et al., 1995). For example, Einer-Jensen
et al. (2005) analyzed genotypes of rod-like virus and heme
septicemia virus in fish by RFLP. Chang et al. (2001) confirmed
the existence of WSSV by diagnosing Callinectes sapiduses col-
lected from three different coastal water bodies in the United
States with PCR and in situ hybridization analysis. They also
amplified a 1,156 bp fragment of the WSSV rrl-specific RsaI
by RFLP method to distinguish the WSSV isolated from Call-
inectes sapidus in New Jersey and elsewhere.

Applications of Immunological Techniques in Disease
Diagnosis

Enzyme-linked immunosorbent assay technique (ELISA) ab-
sorbs the antigen or antibody on the surface of a solid phase
carrier, so that antigen-antibody reaction takes place on it.
For example, Milne et al. (2006) detected infectious pancre-
atic necrosis virus (IPNV) in co-cultured rainbow trout by RT-
PCR ELISA method. Fan et al. (2006) detected Litopenaeus
vannamei red body disease pathogen by indirect ELISA with
satisfying results. Some examples of applications are shown in
Table 2.

Based on highly specific antigen-antibody reaction, fluores-
cent antibody technique uses the fluorescence as antigen marker
to inspect fluorescence-specific antigen complex and its exist-
ing site with fluorescence microscope, which is also applied in
the detection of aquatic animal pathogens. For example, Yan
et al. (2006) detected flounder in vivo Vibrio with fluorescent
antibody technique. The main advantage of this technology is
specific, fast, and highly-sensitive, but there are also disadvan-
tages, such as the problems concerning non-specific staining, the
cumbersome operating procedures, the requirement for special
equipment (fluorescence microscope), and inability of preserv-
ing the stained specimen for a long term.

Monoclonal antibody (McAb) is a hybrid cell of an antibody
cell and a bone marrow cell, with characteristics of strong speci-
ficity and consistent affinity. It is also able to identify characteris-
tics of a single antigenic determinant. Since 1975 when Kohler

Table 2 ELISA detection methods and applications

Detection methods Applications

Indirect ELISA Gill-rot disease
Infectious pancreatic necrosis virus
Reovi virus
Aeromonas hydrophila
Turbot hemorrhagic virus
Lateolabrax vibrio anguillarum

Sandwich ELISA Grass carp hemorrhage virus
Rainbow trout IPNV
Infectious hematopoietic necrosis virus

Dot-ELISA Aeromonas septicemia
Bacterial fish disease

mAbs ELISA VHSV
WSSV

BAS-ELIS Vibrio parahaemolyticus

and Milstein successfully produced monoclonal antibody, the
technology of antibody specificity detection and microorgan-
ism’s identification has been developed rapidly. For example,
Maddison et al. (2005) made monoclonal antibody of rainbow
trout prion, which plays an important role in the detection of
genetic spongiform encephalopathy in economic fish.

Cell Culture Technology

Studies of aquatic animal cell culture first began in the area
of fish. Now, more fish cell lines have been established since
the first time RTG2 cell line of rainbow trout gonad was estab-
lished in 1963. For example, Christianson-Heiska and Isomaa
(2008) established primary cultured cell lines RTH-149 from the
liver of brown trout. China has also established many fish cell
lines, such as ZC7901, CAB80, CIK cell lines, rainbow trout
macrophage cell line, and so on. Ryan et al. (2008) has stud-
ied the radiation-induced adaptive response of fish cell lines.
Salinas et al. (2008) made studies on cell apoptosis through an-
alyzing pre-cytoplasmic extracts of fish cell lines. Cell culture
researches of shellfish, shrimp, and other aquatic animals have
reported less comparatively.

APPLICATIONS OF MOLECULAR BIOLOGICAL
TECHNIQUES IN DISEASE PREVENTION

In addition to strengthening pathogen detection, it is more im-
portant to cultivate aquaculture species with strong resistibility
and resistance to disease, and to develop new disease prevention
techniques. In recent years, practice has shown that molecular
biology techniques are of great potentiality in these areas, such
as using recombinant DNA technology to inject disease-resistant
genes to get disease-resistant transgenic aquatic animals and ge-
netic engineering vaccine.

Application of Transgenic Technology in Disease Prevention

The use of recombinant DNA technology for putting stress-
resistant or disease-resistant genes into a living body in order
to enhance their disease resistance, has become one of the ef-
fective ways for aquatic animal disease prevention and control.
For example, through transferring antibacterial peptide gene
into aquatic animals, aquatic animals will have strong immune
systems to resist a variety of bacteria and virus infection. It is
expected that with an in-depth study of genetic engineering, in
the near future, new aquaculture animal species with the abilities
of resistibility and resistance will be cultivated.

Application of Genetic Engineering Vaccine in Disease
Prevention

With genetic engineering technology, we can combine anti-
gen genes of immunity separated from the bacteria or virus with
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128 J.-Y. ZHENG ET AL.

vectors, and then transfer this recombinant DNA into an in vitro
expression system, such as E. coli or yeast, to manufacture anti-
gen proteins that are used as vaccine. Animals injected with
this antigen protein generate antiserum with the ability of re-
sisting the very kind of bacteria or viruses. Genetic engineering
vaccine is antigen-specific and can be applied to fermentation
technology for mass production.

Currently, fish pathogens, such as Vibrio, Aeromonas bac-
teria, and Edwardsiella, have been successfully made into
whole-cell inactivated vaccine, and with LPS extracted from
the biomass, extracellular proteins and other effective antigens,
monoclonal antibodies, and other bio-engineering vaccines have
been prepared under commercial production. Vaughan et al.
(2007) found that DNA vaccine for dolphin morbillivirus has
immunogenicity against bottlenose dolphin. But, as for the fish
vaccines (especially virus vaccine), there are still many prob-
lems, such as high cost and lack of reasonable and effective ways
of medication and evaluation. There are also some difficulties
in vaccine preparation and actual production.

BREEDING OF IMPROVED VARIETY

Improvement of Disease Resistance of Fish

Diseases are the main cause of economic loss in the fish
farming industry. The application of transgenic technology can
effectively improve the disease resistance of fish to substan-
tially reduce economic losses. Dunham et al. (2002) transferred
cecropin B gene into catfish body by electroporation with F1
generation of catfish showing significant disease resistance.

In addition, genetic engineering techniques can be used to
combine antigen genes of immunity with the carriers. After
being transferred into receptors, such as E. coli or yeast, this
recombinant DNA can be used in mass production of antigen
protein as vaccine. This vaccine, compared with conventional
vaccines, is antigen-specific and is available for mass production
by fermentation technology. At the present, many countries have
prepared engineered vaccines, and applied them in practical
production. In aquaculture, a kind of carbohydrate antigen with
strong immunogenicity has been obtained, which can effectively
prevent infection by infectious sepsis.

Improvement of Anti-Freezing Ability of Fish

The low water temperature in winter can cause consider-
able stimulation to many fish, for example, most fish cannot
tolerate temperatures as low as −1.4 to −19◦C in the Arctic
Ocean sea water. Fishes adaptive to warm water may all be
dead in the face of rarely-confronted low temperatures, which
is a serious problem in the aquaculture industry. Over the years,
people have always expected to raise cold-resistant fishes in
order to make some fine varieties adaptive to larger waters
and capable of growing in lower temperatures. The emergence

of transgenic technology has brought hope for solving such
problems.

In earlier years, scientists conducted researches about trans-
ferring antifreeze protein into fertilized eggs of Atlantic
salmons. In recent years, injection of antifreeze proteins into
goldfishes (1995) or to tilapias or juvenile fishes of lactaria
(1998), can improve their ability to withstand freezing. Fletcher
et al. (1998) transferred antifreeze protein genes of flounder into
Atlantic salmons, so salmons have a certain degree of resistance
to low temperatures. Zhu et al. (1997) has done a preliminary
study of Cirrhina molitorellas with transferred antifreeze pro-
tein genes, showing that their ability to withstand freezing was
improved.

Improvement of Growth Rate of Fish

Fish is an important source of animal protein for humans.
Currently, the world’s output of fish products is far from the
needs of humans, so it is of great significance to cultivate fast-
growing fish to satisfy the growing needs of the people. Trans-
genic technology can be used for transferring growth hormone
genes into the fish in order to obtain fast-growing, high-yield
“super-fish.” At present, a variety of fast-growing fishes with
transferred growth hormone genes have been obtained, whose
rate of growth is obvious. Du et al. (1992) recombined the growth
hormone cDNA of king salmons with antifreeze protein promot-
ers of rock skippers, then transferred them into Atlantic salmons,
and finally obtained fast-growing transgenic fishes successfully.
Maclean et al. (2002) transferred growth hormone of salmons
into fertilized eggs of tilapia, making them gain weight faster.
Martı́nez et al. (2000) detected that tilapias containing trans-
genic homologous growth hormone genes utilize food more
thoroughly. Fishes with transgenic growth hormone genes ob-
viously grow fast with high adaptability. The establishment of
fine varieties of transgenic fish strains will bring huge economic
benefits for the fishing industry. Transgenic fishes are most apt
to be in mass production.

Application of Transgenic Technology in Other Aquatic
Animals

As early as 1985, there were reports of researches on
transgenic sea urchins, and later on transgenic shrimps, shell-
fishes, crabs, and other aquatic animals. Pimentel et al. (1996)
transferred lacZ genes into fertilized eggs of Litopenaeus
schmitts, and got transient expression. Sun et al. (2005) cloned
muscle actin promoters of Litopenaeus vannamei, transferred
them into prawns, and thus, obtained transgenic Litopenaeus
vannamei. He also applied for a patent on it. The Institute of
Oceanology, Chinese Academy of Sciences successfully trans-
ferred exogenous DNA into penaeus, and obtained transgenic
shrimp (Du et al., 1992). Growth hormone genes of sheep have
been successfully transferred into fertilized eggs of prawns, and
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DEVELOPMENTALLY UTILIZING MOLECULAR BIOLOGICAL TECHNIQUES INTO AQUACULTURE 129

transgenic shrimp are obtained (Zhang et al., 2006; Meng et al.,
2005). Hu and Yu (2000) mixed sperms of Pinctada maximas
with linearized DNA fragments of targeted genes. With the
continuous in-depth researches of transgenic technology, gene
modification (GM) technology will be applied to researches of
other aquatic animals.

WATER ENVIRONMENT PROTECTION AND
BIOREMEDIATION

In addition to the above-mentioned application, molecular
biology techniques have been widely applied in protection and
restoration of environment, which is mainly reflected in the ap-
plications of enzyme engineering technology. The enzyme engi-
neering technology uses catalytic effect of enzymes, organelles,
or cells to transform the corresponding raw materials into needed
products in certain bio-reactors. Enzyme engineering technol-
ogy includes enzyme immobilization technology, cell immobi-
lization technology, enzyme modification technology, enzyme
reaction technology, and so on. Scientists can develop a vari-
ety of engineering bacteria by enzyme engineering technology,
which has effective degradation to oil and alkyl halides in sea
culture environments. Thus, the purification capacity of water
body can be increased, and ecological environments are pro-
tected.

In addition, enzymes that are produced by enzyme engineer-
ing technology added to the feed can eliminate the harmful
effects of anti-nutritional factors, destruct plant cell walls, and
promote digestion and absorption level of nutrients so as to
improve the health of aquatic animals. Such enzymes can also
reduce the emissions of the breeding industry, thus protecting
the ecological environment. Good ecological environment is the
basis for prevention of aquatic animal diseases (Chi et al., 2009).

PROSPECTS

The late 1980s and 1990s saw the rapid development of
molecular biology, which initially supplemented and now has
largely replaced traditional methods as a fishery management
tool. In addition to bringing greater power of resolution and the
capability of non-lethal sampling to traditional fishery genetics
questions, DNA methods have opened up a vast new range of ap-
plications in modern marine biology—from ecosystem assess-
ment and ocean observation to seafood safety. The molecular
revolution in biology is just getting underway—changing how
we conduct researches and developing new approaches and tools
for management of natural marine resources and large marine
ecosystems. The increasing capacity and reduced costs for high-
throughput DNA sequencing, comparative genomics, detecting
changes in gene expression, and bioinformatics is fueling rapid
changes in marine science (Chen et al., 2009; Rao et al., 2009).

With the increased investment, molecular biology technolo-
gies will play a more important role in cultivation of good strains,

germ plasm identification, pathogen detection and disease pre-
vention, and will produce a far-reaching impact on aquaculture
all over the world (Thellin et al., 2009).
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