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The growth in demand for fish products as a result of globalization of trade caused a risks and threats of selling 
poor-quality and falsified fish products. This has become a great problem both for supervising agencies and for 
consumers.
Many countries have regulations on food labelling and safety. For example, in the Russian Federation, Repub-
lic of Belarus and Republic of Kazakhstan has been passed the Technical Regulation of the Customs Union TR 
CU022/2011 “Food products in part of their labeling” that aims to prevent misinformation of consumers to en-
suring realization of consumer rights to reliable information about food products, and Technical Regulation TR 
EAEU040/2016 “On safety of fish and fish products” requires indication of the zoological name of the species of 
the aquatic biological resource or the object of aquaculture.
Fish species identification is traditionally carried out based on external morphological traits. However, it becomes 
impossible to identify species by ichthyological traits upon fish cutting, if the head and fins are removed, and 
the body is cut on pieces (especially, in case of fillets) and even more so upon technological processing. In this 
case, objective analytical methods of species identification are used, which are based on ELISA or PCR. However, 
DNA-based methods have several advantages compared to ELISA methods and complement traditional morpho-
logical identification methods. This paper gives a wide overview of the most recent and used methods of fish 
species identification based on DNA analysis such as single-strand conformation polymorphism (SSCP) analysis, 
species-specific PCR, real-time PCR, polymerase chain reaction-restriction fragment length polymorphism analy-
sis (PCR-RFLP), DNA barcoding, Sanger sequencing and next-generation sequencing (NGS).
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1. Introduction
Fish is one of the most saleable goods in the international 

food market. Globalization of fish trade and an increase in the 
demand for fish products have led to serious concerns about the 
risk of selling poor-quality and even adulterated fish products. 
These concerns were caused by the revealed high level of incor-
rect labeling of fish products worldwide, which led to deteriora-
tion of their quality and safety [1,2,3,4,5].

The risk and threat of adulteration of edible fish products 
linked with unreliable labeling of species origin of their compo-
sition, especially in technologically processed products, became 
a serious problem both for controlling agencies and for consum-
ers [6,7].

Legislation regarding food safety assessment and labeling 
was enacted in many countries of the world [6].

In the EU countries, products are labeled according to Regu-
lation (EU) No 1169/2011 of the European Parliament and of the 
Council of 25 October 2011 on the provision of food information 
to consumers [8].

In the Russian Federation, Republic of Belarus and Republic 
of Kazakhstan, Technical Regulation of the Customs Union TR 
CU022/2011 “Food products in part of their labeling” is in force 
to prevent misinformation of consumers in reference to ensur-
ing realization of consumer rights to reliable information about 
food products [9].

On one hand, this Technical Regulation 022/2011 requires 
reliable indication of finished product composition, while Tech-
nical Regulation TR EAEU040/2016 “On safety of fish and fish 
products” requires indication of the zoological name of the spe-
cies of the aquatic biological resource or the object of aquacul-
ture; on the other hand, the presence of allergens should be in-

dicated on a label of any food product even if they are contained 
at a trace level.

Special concerns that led to strengthening measures on qual-
ity control of produced and distributed food products are linked 
with possible consequences of eating food that contains sub-
stances causing allergic reactions or intolerability, when these 
substances are absent on a label of a consumed product [7].

Over the last years, an increase in the number of patients 
with food allergy has been observed; this problem is more topi-
cal for childhood. At present, fish and fish products are among 
the most frequent causes of food allergy both in children and 
in adults, which is linked with the widespread increase in con-
sumption of these products. The prevalence of fish allergy wide-
ly varies and is about 0.2% in total population [10].

The majority of allergic reactions on fish is caused by the main 
allergen —  sarcoplasmic protein parvalbumin, which is present 
in many species of river and sea fish. Up to 90% of “fish” allergy 
patients react exactly on this protein. Parvalbumin is thermally 
stable and remains in a product even after its cooking. In addition 
to parvalbumin, other fish allergens were revealed —  tropomyo-
sin, collagen, aldolase, enolase, vitellogenin, calcitonin [11,12].

Fish allergy causes pathological reactions, which are based 
on immune mechanisms  —  specific IgE-mediated reactions. 
Clinical manifestations of allergy can be quite various including 
rhinitis, angioedema, urticaria, gastrointestinal disorders (nau-
sea, vomiting) and also the most severe, life-threatening form —  
the anaphylactic shock [13,14,11].

Correct labels of fish-based food products can play a part in 
stimulation of sustainable fishing helping consumers rightly de-
tect fish origin and, therefore, allowing them to make justified 
and responsible buying decisions [5].
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These circumstances underline the necessity to control cor-
respondence of labeling and reveal cases of species adulteration 
in fish and fish products.

To detect fish species adulteration, it is necessary to iden-
tify fish. Identification of fresh and raw fish can be carried out 
visually by characteristic taxonomic morphological traits, such 
as shape and pattern of scales, shape of the body and its size, 
shape and number of fins, location of eyes, specific features of 
internal organs and so on. However, it becomes impossible to 
identify species by ichthyological traits upon fish cutting, if the 
head and fins are removed, and the body is cut on pieces (es-
pecially, in case of fillets) and even more so upon technological 
processing [15, 16].

In this case, other methods of identification are necessary —  
instrumental. In the world practice, raw material and product 
identification is based on species specificity of both protein mole-
cules and DNA. These methods allow avoiding adulteration when 
expensive species are replaced with cheaper ones [15,17,18].

DNA-based methods have several advantages compared to 
protein analysis. First of all, the DNA molecule is more stable 
to an impact of high temperatures and even if DNA is partly 
destroyed due to product technological processing (cunning, 
cooking), it can still be used for investigations, for example, by 
PCR, which allows amplification of small DNA fragments with 
sufficient information for species identification. Secondly, DNA 
is present in all tissue types and it can be extracted from any 
organic material. In addition, methods of DNA analysis are pref-
erable due to larger variability of the genetic code. For example, 
the mitochondrial genome is characteristic by pronounced in-
stability —  the evolution rate of mtDNA exceeds that of nDNA by 
10–20 times. The evolution rates of the mitochondrial genome 
of mammals are estimated as 5.7×10–8 substitutions per syn-
onymous site per year. This instability ensures intra- and inter-
species polymorphism, which allows the most effective use of 
mtDNA to differentiate closely related species of animals, fish 
and birds [7,16,19,20,21,22,23].

This paper discusses currently available methods for fish 
species identification.

2. Main part
2.1. Single-strand conformation polymorphism (SSCP) analysis

SSCP (single-strand conformation polymorphism) —  analysis 
of conformation polymorphism of single-stranded DNA (ssDNA) —  
is a method for detection of differences in ssDNA electrophoretic 
mobility due to mutations by spatial organization (conformation) 
of molecules. Conformation of small ssDNA depends on the com-
position of nucleotides; therefore, substitution of even one nucle-
otide leads to changes in the spatial structure (Figure 1) [24,25].

Thus, detection of the changed pattern of ssDNA fragment 
migration in different samples in the SSCP analysis allows sug-
gesting species differences, even if species are closely related 
[16].

The application of this method is described in several stud-
ies. For example, Weder, J. et al (2001) [27] used the SSCP meth-
od, which had been initially applied to identify tuna of genera 
Katsuwonus and Thunnus, to study other species of fish and ani-
mals. The 148 bp amplicon obtained using PCR of the fragment 
of cytochrome b gene (cytb) was used for the study. The ssDNA 
fragments of blue ling, carp, haddock, mackerel, mackerel shark, 
saithe, catfish, Alaska pollack, and skipjack gave two to four clear 
patterns; however, they were different from those obtained with 
ssDNA samples from tuna (Thunnus). The ssDNA fragments of 
other fish species showed weak bands (cod, spined dogfish) or 
their absence (Atlantic salmon, halibut, herring, pike-perch, 
plaice, redfish, sprat, trout).

Rehbein (1997) used the SSCP analysis for identification of 
different fish species from the family Acipenseridae. The length 
of the amplicon of the cytochrome b gene (cytb) fragment was 
358 bp (Figure 2) [28].

SSCP analysis is rapid and easy to use; nevertheless, this 
method shows three main disadvantages: a) it is necessary to run 
a reference sample and test sample simultaneously on the same 
gel, b) intraspecies variation can lead to different conformations, 
which, in turn, can lead to incorrect identification, c) sometimes 
two bands with different intensities can be seen. The reason for 
this can be the fact that ssDNA exists in several states of confor-
mation depending on electrophoretic conditions [16].

2.2. Species-specific PCR
Species-specific PCR is one of the most common variants of 

using PCR (polymerase chain reaction) method for the diagnos-
tic purpose. The prerequisite in this method is the knowledge 
of nucleotide sequence of the gene, on which basis the species 
identification will be carried out; that is, primers will be de-
signed [29,30].

Upon corresponding reaction conditions, such primers gen-
erate a fragment that is visualized by agarose gel electrophore-
sis only in the presence of DNA of this species (Figure 3). This Figure 1. Schematic presentation of SSCP analysis [26]

Figure 2. Differences in sturgeon species based 
on conformation polymorphism of single-stranded DNA 

(ssDNA) of cytb fragment [28]
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procedure is applicable only when some previous knowledge 
about material analyzed is available and identification is to be 
made [16].

This method has been applied for quite a long time. For 
example, Vadim J.  Birstein et al. [31] describe the use of spe-
cies-specific PCR for identification of black caviar from beluga 
sturgeon (H. huso), sevruga (A. stellatus) and Russian sturgeon 
(A. gueldenstaedtii). For each of these species, a set was devel-
oped, which consisted of a pair of specific primers complemen-
tary to the regions of template DNA, between which the target 
sequence was located. In these studies, the occurrence of an am-
plification product obtained using primers, was assumed to en-
able correct identification of species under investigation [28,31].

More recent studies of the same groups of scientists showed 
that species-specific PCR did not allow accurate differentiation 
of Russian sturgeon (A. gueldenstaedtii) from closely related spe-
cies (A. baerii, A. naccarii and A. persicus) due to overlapping mi-
tochondrial DNA profiles [32].

Although this method has its advantages being easy to use, 
inexpensive and rapid for species identification of beluga stur-
geon (H. huso) and sevruga (A. stellatus), it failed to differenti-
ate between caviar obtained from Russian sturgeon (A. guelden-
staedtii) and Persian sturgeon (A. persicus) [28].

There is also a possibility to use together several pairs of 
species-specific primers in a single reaction tube for simultane-
ous amplification of DNA of different species. This modification 
was given the name multiplex PCR, which is one of the variants 
of species-specific PCR [33]. Michelini E. et al. [34] describe the 
development of one-step analysis based on triplex-polymerase 
chain reaction (PCR) to discriminate between three tuna spe-
cies, yellowfin (Thunnus albacares), bigeye (Thunnus obesus), 
and skipjack (Katsuwonus pelamis), even in highly processed 
food samples such as canned or cooked tuna. In this analysis, 
amplification of the specific regions occurs only in the presence 
of template DNA, and the species origin of the template DNA is 
assessed by the size of the PCR product: yellowfin has 245 bp, 
bigeye 262 bp and skipjack 113 bp [34].

Species-specific PCR is based on unique interspecies nucleo-
tide differences; nevertheless, there are aspects that can lead to 
false positive or false negative results, which require inclusion of 
reference samples in each analysis [28,16,33].

2.3. Real-time PCR
Real-time PCR is a modification of conventional PCR, where 

accumulation of amplification products is analyzed by a special 
apparatus, which distinctive feature is a possibility to excite and 
detect fluorescence that reflects accumulation of amplicons in 
each amplification cycle [35].

In this variant, the fluorescent signal comes from another 
important component added to the reaction mixture —  the DNA 

fragment that contains a fluorescent dye and a fluorescence 
quencher (a probe) attached at the 5’ and 3’ ends of the oligonu-
cleotide, respectively. The probe is complimentary to one of the 
chains within the amplicon and in the course of copying by poly-
merase of the DNA fragment specified by the primer, the probe 
is degraded due to 5′-3′-exonuclease activity of polymerase. The 
dye and fluorescence quencher are spatially separated and fluo-
rescence occur. Therefore, occurrence of one amplicon is linked 
with fluorescence of one molecule of free (not quenched) fluoro-
phore. A probe for the marker gene is made in one color, for ex-
ample, fluorescein —  FAM, a probe for a gene under investigation 
is made in another color, for example, introducing rhodamine 
(R6G, ROX and others) into oligonucleotide and so on. Thus, the 
fluorescent signal over the course of PCR increases proportion-
ally to the quantity of an amplification product and allows ob-
serving the process of product accumulation over the course of 
the reaction using computer software. A moment of pronounced 
increase in a signal and its separation from the baseline, the so-
called threshold cycle (log-phase), depends on the initial quan-
tity of target DNA. The higher the quantity of DNA in a sample, 
the earlier the beginning of an increase in the fluorescence sig-
nal is observed [29,36,37,38].

Real-time PCR, also known as quantitative real-time PCR 
(qPCR), is used for measuring gene copies or a level of gene 
expression [29]. Hird et al. describe the study of the variation 
in the proportion of muscle tissue to the numbers of a single 
copy gene in haddock (Melanogrammus aeglefinus) and, then, 
the development of a haddock-specific quantitative assay using 
TaqMan technology and real-time PCR for a single copy gene. 
The study shows that the calibration curve was able to quantify 
model samples with the accuracy of up to 7% of the true percent-
age [39].

The accuracy of PCR quantification to a large extent depends 
of the reference material used in construction of the standard 
curve [16].

Sánchez A. et al. [40] describe the use of real-time PCR for ab-
solute, absolute-relative and relative quantification of the most 
valued hake species in European markets, European hake (Mer-
luccius merluccius). The authors compared two systems, nuclear 
and mitochondrial. The research showed that the best quantifi-
cation results for this species in binary mixtures with non-target 
species (Merluccius capensis) and using the species-specific real-
time PCR system were achieved with a relative quantification 
approach. It was demonstrated that absolute quantification us-
ing the nuclear system was appropriate for the quantification of 
the Merluccius genus in food model samples [40].

Real-time PCR is the most common technology to use for 
species identification. Continuous measurement of fluorescence 
allows eliminating stages, which usually are necessary after per-
forming PCR, that is, electrophoresis and gel staining. Moreover, 
in case of real-time PCR, potential risks of contamination are 
significantly reduced as samples with the reaction mixture are 
sealed throughout the analysis [29].

2.4. Polymerase chain reaction-restriction fragment length 
polymorphism analysis (PCR-RFLP)
PCR-RFLP (Polymerase chain reaction-restriction fragment 

length polymorphism analysis) is a method, where a fragment 
of the studied gene carried the recognition site for endonucle-
ase is amplified with its following cutting with the correspond-
ing enzyme leading to appearance of several smaller fragments 
with different sizes (restriction fragments). Restriction fragment 
sizes are analyzed by gel-electrophoresis [41,42].

PCR-RFLP allows identifying different meat types originated 
from mammals, birds or fish [43] and has been widely used in 
many countries worldwide.

Figure 3. Photo of gel containing template DNA 
(photo from the authors’ archive)
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Georgina L.  Hold et al. [44] describe the study on appli-
cation of the PCR-RFLP based method for identification of 
salmon species in food products. A 464 bp portion of the cy-
tochrome B gene was used as a target sequence for amplifica-
tion; restriction fragments were obtained using the following 
enzymes: Dde I; Nla III; Hae III; Bsp 1286I; Eco RII; Sau 3AI. 
The reliability and practicality of the method were tested in 
the inter-laboratory study, in which five European laboratories 
took part: 1. Rowett Research Institute, Greenburn Road, Aber-
deen, AB21 9SB, Scotland, UK; 2. Bundesforschungsanstalt für 
Fischerei, Institut für Biochemie und Technologie, Palmaille 9, 
22769 Hamburg, Germany; 3. Departamento de Bioquimica y 
Biologia Molecular, Facultad de Biologia, Universidad de San-
tiago de Compostela, 15706 Santiago de Compostela, Spain; 
4. Instituto de Investigaciones Marinas (CSIC), Eduardo Ca-
bello 6, 36208 Vigo, Spain; 5. Instituto de Investigacao das 
Pescas e do Mar, Avenida de Brasilia, Lisbon, Portugal. Ten 
samples of morphologically identified salmon species (Salmo 
salar, Oncorhynchus keta, Oncorhynchus kisutch, Oncorhynchus 
gorbuscha, Oncorhynchus nerka, Oncorhynchus tschawytscha, 
Oncorhynchus mykiss, Salvelinus alpinus, Salvelinus fontinalis, 
Salmo trutta) and two encoded samples (1  — S. salar (com-
mercial product), 2 —  a mixture of two salmon species O. keta 
and O. gorbuscha) were used as the control samples. All results 
(including those for encoded samples) showed 100% agree-
ment and were correctly identified. In addition to the inter-
laboratory study, larger scale investigations of UK commercial 
products were also carried out covering the whole range of 
available salmon products. In almost all cases, the declared 
salmon species was confirmed; a trout species was detected in 
one product, which label declared only the presence of salmon. 
The performed research confirmed the reproducibility of the 
method in different laboratories as well as its applicability for 
analysis of commercial products [44,45].

Lin and Hwang [46] used this method to detect eight spe-
cies of the family Scombridae: bluefin tuna (T. thynnus), albacore 
(T.  alalunga), bigeye tuna (T. obesus), yellowfin tuna (T. alba-
cares), skipjack (Katsuwonus pelamis), eastern little tuna (E. af-
finis), frigate mackerel (Auxis thazard) and oriental bonito (Sarda 
orientalis) in samples of canned tuna. Two sets of primers were 
designed to amplify 126 bp and 146 bp fragments of mitochon-
drial cytochrome B gene, and five restriction enzymes (Bsp1286I, 
HincII, RsaI, ScaI and MboII) were used to analyze short length 
fragments. The method was successfully applied for authentica-
tion of 18 samples of canned tuna [46].

Ya-Jung Wu [47] used the PCR-RFLP method to identify file-
fish species (Monacanthidae), which are a food delicacy in Tai-
wan. The cytochrome B gene region with the molecular weight 
of 465 bp was chosen for primers. The obtained results showed 
that when using this method, six commercial filefish species 
could be identified not only in fresh but also in thermally pro-
cessed products [41].

The PCR-RFLP method is regarded as robust and easy to 
use for identification of fish species; however, problems with 
analysis robustness due to the use of individually prepared 
and non-optimized components as well as the manual nature 
of the analysis can potentially affect the reliability of results 
[48].

Dooley  J.  J. [49] and his colleagues presented an optimized 
PCR-RFLP approach for fish species identification. The scientists 
replaced the gel-electrophoretic steps for fragment separation, 
detection and analysis with a chip-based capillary electrophore-
sis system with the use of the Agilent 2100 Bioanalyser. The pre-
sented solution reduces analysis duration and allows obtaining 
a result with a minimum impact on a sample. Figure 4 presents 
the scheme of the analysis.

The main steps include extraction of genomic DNA, amplifi-
cation of the target DNA —  the region of the cytochrome B gene, 
cleavage of the PCR product with three different restriction en-
zymes (Dde I; Nla III; Hae III) and separation on the bioanaly-
ser; then, the stage of the instrumental analysis is applied using 
software with extensive database of experimental profiles of fish 
species Agilent RFLP Decoder for RFLP pattern analysis.

Software analyzes the obtained result for a test sample and 
compares it with profiles of authentic fish species in the da-
tabase using standard calculation methods to reveal the most 
probable matches. The flexibility of software allows easy addi-
tion of users’ profiles to extend the number of species that can 
be identified based on the experimental models. In addition, 
analysis of mixed products is envisaged, including different fish 
species as well as detection of the presence of pork, beef, mut-
ton and turkey. At present, the further work on adaptation of the 
method to specific tasks for fish species identification has been 
carried out, but even now the reagent kit and consumables for 
detection of fish species Agilent DNA Fish Species ID Ensemble 
are available for purchase including the territory of the Russian 
Federation [49,48,50].

2.5. DNA barcoding
The main idea of DNA barcoding resides in the fact that some 

short DNA region can play a role of a marker that allows defini-
tive identification (or almost definitive, as there is intraspecies 
variability) of species origin of an organism similarly to the work 
of a barcode on a label, which is read by a scanner upon payment 
for goods [51,52].

Figure 5 presents the technology of DNA barcoding. As can 
be seen from the scheme, the DNA barcoding basis includes two 
methods of molecular diagnostics: first of all, the polymerase 
chain reaction, which due to the DNA ability to replicate allows 
accumulation (amplification) of a chosen fragment of its mol-
ecule in quantities suitable for further analysis; secondly, the 
method for determination of nucleotide sequence in DNA mol-
ecules (its sequencing) [51,52].

In 2003, Hebert et al. [42] introduced the term DNA barcoding 
for the first time in the paper “Biological identifications through 
DNA barcodes” and proposed to use the 648 bp portion of the 
mitochondrial cytochrome c oxidase I  (COI) gene as a marker 
DNA sequence to create the global system for animal bio-identi-
fication [53,42,54]. Hebert’s study caused mixed reactions varied 
from enthusiasm, especially in ecologists [55] to criticism, main-
ly regarding identification of closely related species using single 
gene [56,57,58,16]. However, the DNA barcoding method is long-
established; its advantages and limitations became obvious [53].

Different tasks are accomplished using the DNA barcoding 
technology, for example, identification of a plant only by its 
leaves when its flowers and fruits are unavailable; identification 
of insect larvae, which have less diagnostic traits than adult in-
dividuals; determination of an animal diet by the stomach con-
tent, saliva or feces [56,60].

Figure 4. Scheme of the PCR-RFLP analysis with chip-based 
capillary electrophoresis using the Agilent 2100 Bioanalyser [48]
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DNA barcoding is also used as a molecular tool for deter-
mination of food product mislabeling and revelation of species 
adulteration [61].

The DNA barcoding technology is inextricably linked with 
Sanger sequencing —  a gold standard of DNA typing.

Reading a nucleotide sequence began with the development 
of the method for sequencing RNA obtained from the DNA tem-
plate using RNA polymerase. In 1976, therefore, the sequence of 
the most part of the genome of DNA virus SV40, which length 
is more than 5000 base pairs, was determined [62,63]. Then, the 
methods for direct DNA sequencing were developed.

In 1975, F. Sanger and A. Coulson developed the method of 
direct enzymatic DNA sequencing that is also called plus and 
minus method. A fragment of single stranded DNA served as a 
template in the polymerase chain reaction and synthetic com-
plementary sequences or short DNA regions obtained by the ac-
tion of restriction endonucleases were used as primers [64].

The method consisted of two steps. First, under limiting con-
ditions, the polymerase reaction was performed in the presence 
of all four dNTP types (one of them was labeled on the alpha 
position of phosphate), obtaining, in the end, a set of products 
of incomplete copying of a template fragment. The mixture was 
then purified from unbound deoxynucleoside triphosphates and 
divided into eight parts. After that, in the plus system, four reac-
tions were carried out in the presence of each type of nucleotides 
and in the minus system in the absence of each of them. As a 
result, in the minus system termination occurred before dNTP 
of the given type, and in the plus system after it. Eight samples 
obtained in such a way were separated by electrophoresis, the 
signal was read off and the sequence of the initial DNA was de-
termined. Using this method, phage ϕX174 short DNA, which 
consisted of 5386 bp, was sequenced [64,65].

Genome investigations enable solving many applied and 
fundamental tasks. Using these methods, new drugs and prod-
ucts have been developed; they also allow penetrating the long 
human history or understand the cause of mass extinctions of 
species [66].

Due to these projects, the international genome base NCBI 
was formed. With its use, it is possible to select nucleotide se-
quences of interest and develop diagnostic test-systems on their 
basis. Since then, the PCR method have gradually come into rou-
tine laboratory practice and ceased to belong only to the funda-
mental science.

2.6. Sanger sequencing
Sanger sequencing allows reading off sequences of up to 1000 

base pairs and is used for small fragments of genome/genes. In 
particular, it is used for sequencing individual genome regions to 
analyze mutations and polymorphisms; identify viruses and or-
ganisms (bacteria, rickettsia, plants, fungi and animals); validate 
data obtained on the platforms of next generation sequencing 

(NGS); microsatellite analysis; analysis of deletions and inser-
tions (small and long) [66].

Since 2015, Sanger sequencing has also been used for identi-
fication of fish species composition. From July 1, 2018, the inter-
state standard GOST 34106–2017 came into force as a national 
standard of the Russian Federation. This standard regulates the 
method for sequencing the fragments of the mitochondrial ge-
nome of animals and fish to determine species origin in one-
component products. The essence of the method described in 
GOST consists in determination of the nucleotide sequences of 
the mitochondrial genome region of different animal and fish 
species and their comparison with known sequences to identify 
their species origin. The analysis by this method includes: DNA 
extraction and purification; PCR with primer pairs flanking the 
site of the mitochondrial genome in the region of cytB gene; de-
tection of PCR products by the method of electrophoresis in aga-
rose gel to reveal the specific band of amplified DNA and assess-
ment of the concentration of the PCR product; sequencing the 
PCR product purified from unbound primers and dNTP by the di-
deoxynucleotide method with fluorescent dyes; identification of 
a nucleotide sequence by separating products of the sequencing 
reaction purified from the excess of dNTP, fluorescently labeled 
ddNTPs, primer and salts, by the method of capillary electropho-
resis and comparison of obtained nucleotide sequence of the ge-
nome fragment extracted from the analyzed sample with known 
sequences from databases for its identification [67].

At present, sequencers are produced also in Russia; the best 
known model is the genetic analyzer “Nanofor 05”.

The main advantages of Sanger sequencing are high accuracy 
of reading (many PCR methods are validated by its use) and low 
primary cost of analysis. However, Sanger sequencing has a seri-
ous limitation —  it is impossible to carry out species identifica-
tion in multicomponent products by this method.

Only when using multiplex next generation sequencing 
(NGS), it is possible to identify complete species composition of 
multicomponent products in one reaction.

2.7. Next generation sequencing
Next generation sequencing began with the principal discov-

ery of the possibility of clonal amplification of fragmented DNA 
on the solid surface. If in Sanger sequencing, information was 
read off from one amplified DNA fragment, in next generation 
sequencing, there is parallel reading from tens of thousands of 
amplified fragments, where every fragment is cloned and read in 
its own cell.

Contrary to Sanger sequencing, the NGS methods are used 
for deep (multiple) read of genetic material which is necessary, 
for example, for re-sequencing and assembly of novel genomes 
(de novo), transcriptomic and epigenomic investigations. In ad-
dition, next generation sequencing (NGS) is much more efficient 
allowing reading millions and even billions of short fragments. 

Figure 5. Step 1: DNA isolation; Step 2: Amplification of the target DNA barcode region using PCR; Step 3: Sequencing the PCR 
products; Step 4: Comparing the resulting nucleotide sequences with reference databases to find the matching species [52].
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Such growth in performance led to a possibility to simultane-
ously determine sequences of tens of genomes (depending on 
their sizes) in a single run [66].

Next generation sequencing gave an opportunity to assess 
metagenome of mixed microbial populations and reveal previ-
ously unknown and uncultivable microbial forms. This became 
possible with the development of the algorithms for assembly 
and analysis of genomes, software and high-performance work-
stations.

New mathematical and information technologies allow ge-
nomics to develop quicker and use more complex algorithms. 
These algorithms can include simultaneously several applica-
tions and programs, and enable working with very large volume 
of data [66].

When analyzing whole genomes, two approaches are used: 
analysis by alignment against the reference genome or re-se-
quencing, or genome assembly from zero or sequencing de novo.

2.8. Basic next generation sequencing methods
The first technology of next generation sequencing is the 

454-sequencing technology (high-throughput DNA pyrose-
quencing or pyrophosphate sequencing) developed by 454 Life 
Sciences. On the basis of this technology, the methodical rec-
ommendations on species identification of fish and fish prod-
ucts based on sequencing of amplified DNA fragments were ap-
proved and presented in Russia in 2015 [68]. The amplified DNA 
fragment with a length of 350–500 base pairs is obtained in the 
course of two PCR rounds using fusion primers consisted of sev-
eral parts: the A and B adaptors, four-nucleotide ‘key’ sequence 
as well as the sequences specific to a target gene. Optionally, the 
multiplex identifier (MID) sequence is included in the primer se-
quence. Then, the obtained amplification products are subjected 
to emulsion PCR (ePCR), during which amplified fragments of 
the DNA library and special spherical beads are incorporated 
into water droplets of emulsion, which are amplification mi-
croreactors. Clonal parallel amplification in emulsion droplets 
ensures obtaining millions of copies of each fragment from the 
DNA library on each individual bead. Using centrifugation, beads 
are loaded onto a plate containing several hundreds of thou-
sands of microscopic wells. Each bead gets into an individual 
well of the plate; then, the plate is placed into an instrument 
along with reagents and sequencing begins. During the work of 
the instrument, nucleotides are successively flowed through the 
plate wells. Incorporation of a nucleotide complementary to the 
template on each individual bead leads to a chemiluminescent 
signal in a certain well that is recorded by a camera of the instru-
ment.

This technology allows reading simultaneously several ge-
nome regions, which makes it possible to identify fish species in 
the composition of multicomponent products [68].

The obtained nucleotide sequence of the specific DNA frag-
ment is analyzed in the international database NCBI [69].

Figure 6 presents a fragment of a file with the results of 
analysis by 454 sequencing; the file contains a pool of consensus 
reads in the FASTA format marked by the identifier clusterid=Х. 
The obtained sequences are copied into the memory buffer and 
entered into the dialog window “Nucleotide BLAST” of the da-
tabase NCBI (Figure 7). After that, the analysis program starts 
and the result window appears showing reference sequences 
that match those under investigation in the descending order of 
matching (Figure 8).

2.9. Ion semiconductor sequencing technology
The technology was developed by Ion Torrent Systems, Inc 

and was launched in 2010 [70]. The principle of the method re-
sides in recording a released hydrogen ion by a ion sensor ISFET. 

It is released when an introduced nucleotide is complementary 
to the single-stranded fragment of amplified DNA. The reac-
tion and recording of the event occur on a special semiconduc-
tor chip with different capacities. In contrary to other systems, 
this allows scaling performed investigations selecting a chip 
with a corresponding capacity without buying a more efficient 
sequencer.

However, compared to the 454 Life Sciences technology (py-
rosequencing), the semiconductor technology does not yet al-
low reading fragments more than 400 bp. Although, in 2018, the 
company released chips with the possibility to read fragments 
of up to 600 bp, this immediately doubles the cost of analysis 
compared to the standard 400 bp reads.

Also, a huge plus of this technology is a possibility of full au-
tomation of the sequencing process. A minus, probably, is close-
ness of this technology compared, for example, with Illumina.

At present, methods based on next generation sequencing 
have begun to be used in fish species identification as only they 
are capable of complete revelation of species composition in 
multicomponent fish products. The only disadvantage of these 
methods is the price of analysis.

3. Conclusion
Methods based on DNA analysis are often used for fish and 

fish product species identification. Therefore, they can be used 
in controlling fish products for correspondence to the species 
composition indicated on a label.

The most promising are PCR-based methods, which allow 
identifying meat of different, even closely related fish species. 
The potential for using the PCR method proceeds from the pos-
sibility to identify meat of different, even closely related fish 
species. This identification can be performed on the biological 
material obtained from raw tissue, as well as on muscles sub-
jected to different technological treatments. Relative simplicity 
and rapidness of analyses allow suggesting that these methods 
consisted in DNA analysis will find wide application in the future 
for food quality control.

However, despite undoubted advantages of PCR-based meth-
ods, we should not overlook their disadvantages.

Generally speaking, SSCP analysis is not recommended to use 
for the identification of products consisting of several  species 

Figure 6. A file fragment with the results obtained in the 
course of sequencing of amplified DNA fragments using the 

454-sequencing technology (Figure from the authors’ archive)
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Figure 7. The dialog window “Nucleotide BLAST” of the NCBI database [69]

Figure 8. The window with the results of the analysis of the nucleotide sequence obtained in the course 
of sequencing of amplified DNA fragments using the 454 sequencing technology [69]
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of fish and in products subjected to intense heating (steriliza-
tion). In addition, a prerequisite for species identification using 
the SSCP analysis is the presence of reference samples and test 
samples on the same electrophoretic gel. The repeatability of 
obtained results in the SSCP analysis is influenced by analysis 
conditions, that is, a temperature and concentration of used re-
agents (for example, buffers).

According to several researchers, the PCR-RFLP method is also 
not recommended for verification of species composition in fish 
mixtures, as obtained results not always reflect the true composi-
tion of a mixture. In case of the PCR-RFLP method, there is a risk 
of incomplete restriction of a region or intraspecies differences, 
which can facilitate deletion or extension of restriction sites.

Species-specific PCR in the conventional variant envisages 
the use of the step of electrophoresis and gel staining to detect 
the amplification results, which can lead to contamination and, 
consequently, to unreliable results. In this case, the modification 
of conventional PCR —  real-time PCR —  can be considered the 
most promising method.

Real-time PCR is the most common technology to use for 
species identification. Continuous measurement of fluorescence 
allows eliminating the stages (electrophoresis and gel staining) 

that usually are necessary to perform after PCR. In addition, in 
case of real-time PCR, the potential risks of contamination are 
significantly reduced as samples with the reaction mixture re-
main to be sealed throughout analysis. At present, real-time PCR 
is the most common technology to use for species identification 
in all product types ranging from raw materials to thermally pro-
cessed products including products with the multicomponent 
composition from different fish types.

The DNA barcoding method with the use of next generation 
sequencing is also quite promising. It can detect the presence of 
all fish species contained in the test sample over one analysis, 
and the ability to carry out analyses of any fish products makes 
this method universal. The main disadvantage of the DNA bar-
coding method using next generation sequencing is its high cost, 
which is made up from high cost of equipment for analysis, re-
agents and diagnostic test-systems.

It is necessary to emphasize that PCR methods are only those 
methods that allow determining product species composition; 
however, complex quality and safety assessment of fish products 
also includes analyses by other methods, which simultaneously 
can confirm or do not confirm correspondence of the producer 
declaration to what consumer purchased.
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