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Abstract: Molecular tools can effectively be used in diagnosis, identification, management, and most 

especially detection of invasion pathways and originations of introduced species. It would provide 

helpful information for a better conception of the events essential for a successful colonization by 

comparing genetic differentiation of a species among its native and invasive habitats. PCR-based 

marker techniques, such as RAPD, AFLP and ISSR have been used for studying genetic diversity, 

taxonomy and phylogeny of the species, but they are generally used for estimating more limited 

levels of genetic variation. Although the potential for these molecular markers to generate helpful 

data, researchers have been suspicious to use them resulting from technical deliminations. A more 

recently developed molecular marker system, Sequence-Related Amplified Polymorphism (SRAP) 

is easy, reliable, middle-yield, high-dominant total, and iterative way on genetic variation of differ-

ent species. Like other molecular markers, SRAPs can also be used for assessing invasion genetics 

of non-native species and their use to discover variations in genetic structure of native and invasive 

freshwater fish has been starting common. Depends on the rapidly growing body of the literature, 

we suggest that the SRAPs could, and should, be applied to the subjects of invasion genetics. The 

aim of this study was to reveal the potential for SRAP markers in invasion genetics of freshwater 

fish. Results from SRAP products may prove to be significant for discovery of polymorphism and 

genetic variation for studies in population genetics of invasive species. 
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1. Introduction 

Molecular marker systems designed to discover variations at the DNA level has be-

come an significant and spectacular tool for both basic and applied researchs. Because of 

the rapid growth of various open-access genomic datasets, the improvement of molecular 

markers, which are involved in potential genes of interest, has become comparatively 

common. In recent years, several new alternating genetic marker technologies have been 

improved in the field of molecular biology and genetics, mainly due to rapid expanse in 

genomic studies. These techniques can be used for many purposes (e.g., to determine ge-

netic diversity, to create linkage maps, to identify hybrids, and gene tagging). Genetic 

marker systems have many different area of utilizations, including in taxonomy, evolu-

tionary biology, ecology, forensics, disease diagnosis and kinship testing [1]. In recent 

years, it is also globally known that the conservation of biodiversity should be the one of 

the urgency of the current international society. Because of their life environment, habitat 

disruption become a major threat to fish species and currently, according to 2020 IUCN 

Red List, 4705 fish species are endangered [2]. At this point, genetic characteristics of spe-

cies play n significant role in survival and in their successful adaptation in response to 
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environmental impacts [3]. For this reason, studies on species/population genetics have 

gained more insights into biodiversity researchs. 

Global status of biological invasions become a major problem in current years. 

Though the topic of bioinvasions became a swiftly developing study area, there are big 

gaps to be filled in the near term [4]. Invasive species are ranked among the most im-

portant threats to the loss of biological diversity [5]. Freshwater resources are of serious 

concern regarding the current and possible impacts of invasive species because of their 

high biological diversity and because they realize many demands for a successfully func-

tioning society [6]. Biological diversity of freshwater resources is declining at a significant 

ratio than terrestrial resources making them a high urgency for conservation and sustain-

able management [7]. Additionally, unmonitored and uncontrolled invasion attempts 

cause as consequence the decrease of genetic variation within and between populations. 

At this juncture, molecular tools have been used to understand invasion genetics in fresh-

water ecosystems. 

The improvement of genetic techniques for molecular analyses has led to a great en-

hancement in our knowledge of the characteristics of animal genetics. With molecular 

marker systems, it is possible to explore genetic variation in the entire genome of the spe-

cies [8]. Various marker systems including RAPDs, RFLPs, AFLPs, microsatellites and 

mtDNA have been used in population genetics research. Like other marker technologies, 

sequence-related amplified polymorphism (SRAP) is an effective DNA marker system for 

genetic diversity analysis particularly in plants and fungi [9]. SRAP markers were devel-

oped mainly for Brassica species, but it can be used for genetic diversity analysis in a large 

spectrum of living species because of the genome sequence information is not required 

for detection [10]. In this study, we discuss the potential of SRAP markers to use in inva-

sion genetics of freshwater fish. 

2. Background 

Many ecosystems are affected by invasive species and they pose one of the major 

threats to biological diversity worldwide. Globalisation will inevitably enhance the inten-

tional or unintentional introduction of organisms to new ecosystems, and it is greatly pre-

dicted that environmental changes will further increase the threat posed by invasive spe-

cies. Impacts of this globalisation are evident in most seas and inland waters of the world. 

To assist control and reduce the impacts of invasive species, researchers need access to 

knowledge that not only provides an idea of and background to the area, but also keeps 

them current with the latest research results [11]. 

Molecular technologies are especially appropriate to reveal historical processes, such 

as bioinvasions. Genetic approaches enable to determine the organism participated in an 

invasion and often lead to the perception of cryptic invasions. The findings may have im-

plications for sustainable management of ecosystems [12]. On the other hand, little is 

known about the genetic structure of newly established populations. The utilization of 

molecular markers in invasive species allowed recording rapid progress regarding the 

studies of invasion biology. Molecular markers allow determination of variations or pol-

ymorphisms that exist within and between populations for specific regions of DNA. There 

are different types of DNA-based genetic markers. They are differentiated into two groups 

based on their detection technique; (1) PCR-based (e.g., RAPD, ISSR, AFLP, mtDNA) and 

(2) is nonPCR-based (RFLP) markers. PCR-based markers depend on amplification of 

DNA using the PCR and nonPCR-based markers depend on DNA hybridization. An ideal 

genetic marker system should be polymorphic, simple, quick and inexpensive. It should 

provide sufficient resolution of genetic differences and need no prior information about 

the genome of the species. 

Each passing day development of new and specific types of molecular markers 

makes their significance in understanding the genetic diversity between the same as well 

as different species. SRAP marker system developed by Li and Quiros [9] have been 
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widely used in a various molecular studies based on their simplicity, reliability, efficiency 

and genome-wide coverage [13]. 

3. Methodology 

SRAP technology is easily performed with one time PCR to amplify multiple loci in 

a genome. Two random primers are involved in reaction mix, which leads to maximum 

elasticity in primer designing and labelling. There is no restriction on primer combina-

tions. SRAP products fall into a size range of 100 to 1000 bp, which can be detected in both 

agarose and acrylamide gels [10]. 

These markers were developed in Brassica oleracea to particularly amplify coding re-

gions of the genome with uncertain primers targeting GC-rich exons and AT-rich promot-

ers, introns, and spacers. SRAP primers are 17–18 bases long and composed of core se-

quences, which are 13–14 nucleotides long. The first 10–11 nucleotides starting at the 5′ 

end are filler sequences, maintaining no specific formation. These are followed by the se-

quence CCGG- or -AATT. This core is followed by three random nucleotides at the 3′ end. 

PCR amplification was performed with the following conditions: for the first 5 cycles, de-

naturation at 94 °C for 1 min, primer annealing at 35 °C for 1 min and primer extension at 

72 °C for 1 min. For the remaining 35 cycles, annealing temperature is raised to 50 °C [9]. 

4. Results and Discussion 

The scale of colonization has significant genetic outcomes as the amounts and types 

of genetic variation carried from one place to another can affect the possibility of success-

ful establishment, future dispersion and evolutionary process. In concert with advances 

in molecular methods for investigate genetic diversity and the development of a rapid 

growing of evolutionary theory related to evolutionary approaches in colonizing popula-

tions, it caused the arise of invasion genetics. Nowadays, through the usage of molecular 

marker systems, we are in a better by far position to understand the migratory history of 

invasions and evaluate the importance of genetic bottlenecks and founder effects [14]. 

The wide range of molecular markers that can simply be used in population genetics 

is quite common. Molecular markers applied to study genetic variations of freshwater fish 

include detecting polymorphisms in DNA sequence, the use of DNA hybridization meth-

ods to determine RFLPs, or the use of PCR-based technology to reveal polymorphism us-

ing RAPD, SSR, or AFLP [15,16]. Various molecular markers, each with their own ad-

vantages and disadvantages have been identified. For instance, RFLPs can be useful for 

detecting polymorphisms in the genome. However, this marker needs large amounts of 

DNA, and is expensive, time-consuming, and hard to optimize [16]. The application of 

RAPD markers in phylogenetic studies between the distantly related species or genus is a 

main problem because markers are non-locus specific [17]. Like SSRs, the AFLPs can be 

optimized. The methodology is somewhat prone to empirical errors like RAPDs, and its 

cost and time required are prevents to its broader approval by the scientific environments 

[18]. At this point, SRAPs have demonstrated the talent to detect genetic variation at a 

several of taxonomic levels, and are also often used for molecular analyses of within and 

between populations [19]. 

Various comparative works have found SRAPs provide a better levels of variation to 

other markers, but with considerably less experimental effort and cost for preferable levels 

of polymorphism and reproducibility [9,20–22]. In this respect, SRAP markers can also be 

used for understanding invasion genetics of freshwater species and their use to explore 

variations in genetic characteristics of native and non-native freshwater fish has been 

starting common. For instance, researchers used SRAPs to differentiate cultured popula-

tions in grass carp Ctenopharyngodon idella [23]. They identified eight SRAP fragments that 

high similarities to functional genes. More recently, scientists tested ISSRs and SRAPs for 

genetic characterization of invasive populations of gibel carp Carassius gibelio [24]. Both 

markers showed that gene flow level among populations is low and that genetic 
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differentiation level is high. The results also indicate that the existence of invasive popu-

lations of gibel carp is the result of several introduction events originating from different 

sources. Consequently, SRAP markers can successfully determine genetic diversity and 

find out the origin and distribution of invasive species, such as introduced freshwater fish. 

5. Conclusions 

Although early recognition of the potential benefits of genomic tools for studying 

biological invasions, the improvement of molecular technologies and resources for inva-

sive species has been lagged [25]. Various molecular marker systems and constantly im-

proving experimental approaches have been developed to reveal the invasion histories. 

In consequence of this developments, SRAP markers could, and should, be applied in 

studies on population genetics of invasive species. Findings from SRAP products may 

prove to be significant for investigation of polymorphism and improvement of new vari-

able loci for investigations in invasion biology. 

Abbreviations 

The following abbreviations are used in this manuscript: 
AFLP  Amplified fragment length polymorphism 

ISSR  Inter simple sequence repeats 

mtDNA  Mitochondrial DNA 

PCR  Polymerase chain reaction 

RAPD  Random amplification of polymorphic DNA 

RFLP  Restriction fragment length polymorphism 

SRAP  Sequence related amplified polymorphism 

SSR  Simple sequence repeats 
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