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Abstract. Salamida EMM, Tabugo SRM. 2026. Novel primers for mini-barcoding of seahorses for wildlife trade and seafood forensics. 

Biodiversitas 27 (3): d270335. https://doi.org/10.13057/biodiv/d270335. Seahorses are charismatic fish facing increasing threats from 

habitat loss and the illegal wildlife trade. They are targeted and trafficked in the global market, further threatening their status. The high 

levels of both interspecific and intraspecific variability are also affecting the accuracy of species definition. Thus, this study developed a 

systematic pipeline for designing DNA mini-barcode primers using accessible software and integrated bioinformatics tools to enhance 

the detection of vulnerable seahorse species in wildlife trade and seafood forensics. The overarching goal is to support conservation 

efforts and promote the sustainable use of marine resources. DNA mini-barcodes, short sequences under 200 bp, show promise and can 

be useful for identifying species from degraded or processed samples. In this study, cytochrome b gene sequences—known for 

combining conserved and variable regions—were the basis for designing species-specific mini-barcode primers. These primers were 

tailored to improve molecular identification from low-quality seahorse samples, such as dried or frozen specimens commonly 

encountered in trade. Novel primers were initially evaluated using in silico Polymerase Chain Reaction (PCR), yielding four top-

performing primer sets, which were subsequently validated by actual PCR. A total of nine Hippocampus spp. samples (four dried, five 

frozen) were used to test primer efficacy. PCR amplification and gel electrophoresis results confirmed that all primer sets successfully 

amplified DNA and produced good-quality PCR products. Sequencing data revealed accurate base-calling, with high percentage identity 

matches to reference sequences. These novel primers show potential for species identification in seahorse monitoring and enforcement 

contexts. 
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INTRODUCTION 

Seahorses are known to live in a variety of habitats, 

including coastal and marine environments, which are 

increasingly under threat from overfishing, climate change, 

habitat loss and global illegal trading (Lourie et al. 2016). It 

is estimated that the seahorse trade involves up to 70 

million seahorses each year, including at least 24 million 

specimens from 23 species in 75 countries (Lawson et al. 

2017). 

Considering the complexity of the seahorse trade, it is 

not possible to effectively manage the trade and the 

exploitation of seahorse species by focusing only on the 

trade volumes. More effective and advanced strategies are 

required to monitor and regulate the trade in seahorses, and 

this is only possible by improving the ability to identify the 

species of seahorses. Improved strategies for identifying 

seahorse species, monitoring wild populations, and 

regulating the trade in seahorses are essential for effective 

management and conservation of seahorses (Zeng et al. 

2019; Pavitt et al. 2021). 

The accuracy of identifying seahorse species, which 

have mainly relied on traditional methods, is reduced by 

post-processing, poor preservation in trade, and the 

presence of cryptic species (Zhang et al. 2017). In addition, 

homogeneity in characters that often allow one to diagnose 

species, such as numbers of spines and fin rays, coronet 

shape, and broad species-to-species overlap in other 

characters, such as patterns or markings, has led to taxonomic 

confusion in seahorses (Heard et al. 2019). Meanwhile, 

molecular identification using sequencing technologies has 

been tested to provide more taxonomically accurate data on 

seahorse populations in both the wild and the trade (Hou et 

al. 2016; Zhang et al. 2017; Wang et al. 2020).  

Molecular identification has been used to increase the 

accuracy of species identification and population 

assessment (Lourie et al. 2016). It has yielded positive and 

efficient results, aiding in conservation and sustainable 

development efforts (Gao et al. 2019; Tizard et al. 2019; 

Toha et al 2020; Trivedi et al. 2020; Hobern 2021). The 

most common molecular identification method used is 

DNA barcoding (Wang et al. 2020). It identifies an 

organism by utilizing short, standardized fragments of its 

genome (Hebert et al. 2003). However, if the amount and 

quality of DNA are inadequate, such that it is damaged or 

fragmented, full-length target region DNA barcoding may 

not be effective. This is a common case in which DNA is 

obtained from processed or improperly preserved samples. 

Because DNA degrades readily, numerous studies have used 

DNA from poorly preserved or decomposed specimens 
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(Barbisin and Shewale 2010; Xavier et al. 2021). The 

amount of DNA retrieved from these samples is typically 

minimal and damaged. Specifically, DNA is more 

fragmented and shorter. As a result, the efficacy of DNA 

barcoding is significantly reduced (Fields et al. 2015; 

Günther et al. 2018). Hence, an alternative method was 

created. This method utilizes shorter DNA fragments (e.g., 

100-300 bp) within a full-length barcode termed. This is 

called "mini-barcoding," and it successfully identifies 

species from degraded DNA (Shokralla et al. 2015). 

DNA mini-barcoding typically utilizes short mitochondrial 

gene fragments for species delineation. The mitochondrial 

gene encoding Cytochrome b (Cytb) is a commonly used 

DNA barcode for species identification and assessment of 

phylogenetic relationships at the species level. This gene 

contains codons that evolve slowly and rapidly. Furthermore, 

the Cytb gene contains both variable and conserved regions 

and domains, making it an excellent barcode. Moreover, 

data obtained from sequencing Cytochrome b (Cytb) mini-

barcode fragments can be used to simultaneously identify 

species and determine evolutionary relationships among 

lower taxa (Casey et al. 2004). Studies have shown that 

shorter Cytb fragments, as mini-barcodes, increase the 

amplification success rate of damaged DNA (Modave et al. 

2017). 

Using the Cytb gene marker to create taxon-specific 

mini-barcodes and primer sets would optimize species 

identification and population assessment. The problem of 

DNA barcoding being limited by DNA degradation can be 

solved. In addition, this will substantially aid forensic 

analysis of wildlife and seafood. No records of mini-

barcode primers developed or tested for seahorse species 

employing the Cytb gene exist. Hence, this study 

developed a pipeline for primer design and tested novel 

primers for their potential to detect and distinguish 

seahorse species from shorter DNA fragments for seahorse 

species monitoring in trade and species-level delineation. 

MATERIALS AND METHODS 

Sample collection 

Voucher specimens (seahorse samples) available at the 

Molecular Systematics and Conservation Genomics 

Laboratory of the Premier Research Institute of Science and 

Mathematics, Mindanao State University-Iligan Institute of 

Technology (MSU-IIT), were utilized in this study. The 

samples were collected from Lanao del Norte, Surigao del 

Norte, and Surigao del Sur, Philippines, with the Gratuitous 

Permit No. 0814-19 secured from the Department of 

Agriculture (DA) and Bureau of Fisheries and Aquatic 

Resources (BFAR) (Figure 1), through conservative sampling 

such that only a representative of each species was 

collected and deposited in the laboratory. Morphological 

characterization and preliminary identification of seahorses 

were based on illustrated keys, Guide to the Identification 

of Seahorses, and consultation with experts. Due to its 

vulnerable status, only a total of nine Hippocampus spp. 

samples (Table 1) were used for primer efficacy tests 

(Lourie et al. 2004). Photographs of specimens were taken 

for documentation purposes (Figure 2).  

 

 
Table 1. Adult Hippocampus spp. species used in testing of primers 

 

Location Type Morphological identification 

Surigao del Norte Dried Hippocampus barbouri (Jordan & 

Richardson, 1908) 

Surigao del Norte Dried Hippocampus comes (Cantor, 1849) 

Lanao del Norte Dried Hippocampus kuda (Bleeker, 1852) 

Sourced online Dried Hippocampus kuda (Bleeker, 1852) 

Lanao del Norte Frozen Hippocampus kuda (Bleeker, 1852) 

Surigao del Sur Frozen Hippocampus kuda (Bleeker, 1852) 

Surigao del Norte Frozen Hippocampus barbouri (Jordan & 

Richardson, 1908) 

Surigao del Norte Frozen Hippocampus comes (Cantor, 1849) 

Surigao del Norte Frozen Hippocampus kuda (Bleeker, 1852) 

 
 

 

 

Figure 1. Geographical locations of the study sites at Lanao del Norte, Surigao del Norte, and Surigao del Sur, Philippines 
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DNA extraction 

According to the manufacturer's protocol, the DNA of 

the seahorse samples was extracted using the Marine 

Animal Tissue Genomic DNA Extraction kit (Dongsheng 

Biotech). Ten milligrams of tissue from each sample were 

prepared to yield 3-35 µg genomic DNA. 

Mini-barcode primer design and in silico testing 

A total of 412 seahorse Cytochrome b (Cytb) barcodes/ 

nucleotide sequences were downloaded from GenBank (n = 

27). All sequences were aligned and optimized manually. 

Multiple copies of identical sequences were also removed. 

These were done using MEGA X: Molecular Evolutionary 

Genetics Analysis (Kumar et al. 2018). These sequences 

were then used to design multiple mini-barcode primer sets 

to amplify partial fragments within the standard Cytb 

barcoding region. The primers were picked according to 

the availability of highly conserved priming sites in a wide 

range of seahorse species, with consideration of the primer 

stability in PCR reactions as well as the physical and 

structural properties of oligos (e.g., length, melting 

temperature, annealing temperature, GC content, GC 

clamp, self- and hetero-dimer formation, hairpin formation, 

and runs). To ensure novelty, the generated primer sets 

were compared with existing primer sets specific to 

organisms in the Syngnathidae family (seahorses, pipefishes, 

and seadragons) (Table 2).  

 

 

 

 
 

Figure 2. Sample seahorses. A. Hippocampus comes, B. Hippocampus barbouri, C. Hippocampus kuda 

 

 

Table 2. Existing primers for identifying Syngnathidae species 

 

Primer name Type Primer sequence (5’ to 3’) Source 

SHORSE5.3L Cytochrome b ATATCCTTCTGAGGAGCC Casey et al. (2004) 

SHORSE5.4L Cytochrome b CAGGATCAAATAACCC Casey et al. (2004) 

SHORSE3.2H Cytochrome b GGGTGGAATGAGATTT Casey et al. (2004) 

SHORSE3.3H Cytochrome b GGATAGCATAGGCAAA Casey et al. (2004) 

SHORSE3.3L Cytochrome b TTTGCCTATGCTATCC Casey et al. (2004) 

SHORSE3.4H Cytochrome b CCAGATACAGGTAAAGC Casey et al. (2004) 

HIPPCYTB-R Cytochrome b AGGGGGTTCTACAGGCATTAC Woodall et al. (2011) 

L14725 Cytochrome b CGAAGCTTGATATGAAAAACCATCGTTG Kocher et al. (1989) 

L15162 Cytochrome b GCAAGCTTCTACCATGAGGACAAATATC Taberlet et al. (1991) 

H15240 Cytochrome b TTRTCTACNGARAANCCNCCTCA Taberlet et al. (1991) 

H15915 Cytochrome b TCATCTCCGGTTTACAAGAC Irwin et al. (1991) 

H15926 Cytochrome b AAGGGKGGATTTAACCTCCG Wilson et al. 2001) 

shf  Cytochrome b TACCTGCACCATCAAATATTTC Lourie and Vincent (2004) 

shf2  Cytochrome b TTGCAACCGCATTTTCTTCAG Lourie and Vincent (2004) 

shr2  Cytochrome b CGGAAGGTGAGTCCTCGTTG Lourie and Vincent (2004) 

SH-F Cytochrome b AACYAGGACYAATGRCTTGA Chang et al. (2013) 

SH-R Cytochrome b GCASWAGGGAGGRKTTTAAC Chang et al. (2013) 

16S_FishSyn_Short  16S rRNA GACGAGAAGACCCTGTGGAGC Nester et al. (2020) 

16S_FishSyn_Short  16S rRNA CCGYGGTCGCCCCAAC Nester et al. (2020) 

16S_FishSyn_Long 16S rRNA GACGAGAAGACCCTDTGGAG Nester et al. (2020) 

16S_FishSyn_Long 16S rRNA GRATTGCGNTGTTCCCT Nester et al. (2020) 

HIP136-F 16S rRNA CCAGAGGGCAATGTTGTAA Marín et al. (2021) 

HIP136-R 16S rRNA GGCGAGGCTAGTGTTATTATG Marín et al. (2021) 

HIPCURV-F 16S rRNA TTAGTGGGCCTGAAAGCAG Marín et al. (2021) 

HIPCURV-R 16S rRNA CAGGCGGGACCTCTTAT Marín et al. (2021) 

HCAL2 mtDNA Control Region (CR) CACACTTTCATCGACGCTT Teske et al. (2003) 

HCAH2 mtDNA Control Region (CR) TCTTCAGTGTTATGCTTTA Teske et al. (2003) 

HIPPCONR mtDNA Control Region (CR) AAGCCGAGCGTTCTCTCC Woodall et al. (2011) 

 

A B C 
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PCR primer design and in silico analysis were carried 

out by utilizing software (freeware) and web-based 

informatics tools. For web-based primer design, Primer-

BLAST (Basic Local Alignment Search Tool) was used to 

design PCR primers, and PCR Primer Stats was then used 

to assess the oligos. Freeware was mainly used for the 

software-based PCR primer design. The Unipro UGENE 

v.41.0 and FastPCR 6.8.03 software were used for primer 

design and oligo assessment. To identify and prevent 

potential amplification problems across all primer sets 

generated by web- and software-based primer design, in 

silico PCR analysis was performed using UGENE v.41.0 

and FastPCR 6.8.03. This software determines the presence 

of primer dimers (i.e., self-dimers and heterodimers) and 

Single Nucleotide Polymorphisms (SNPs), hairpin 

formation, delta G values, annealing temperatures, and 

amplicon lengths. Four (4) top-scoring primer sets were 

selected. These top-scoring primer sets were synthesized at 

the Integrated DNA Technologies (IDT) (Kalendar et al. 

2017; Rose et al. 2018). 

Mini-barcoding PCR optimization strategy 

Mini-barcode amplification was carried out on all 

seahorse specimens using each of the four mini-barcode 

primer sets. A gradient PCR approach was used to test the 

amplification conditions for all primer sets at annealing 

temperatures ranging from 50 to 62°C. PCR amplifications 

were done in a 50 µL reaction: 25 µL 2× PCR MasterMix 

(BIORAD, iTaq Universal SYBR Green SuperMix), 2.5 

µL FP, 2.5 µL RP, 15 µL ultrapure water or sterilized 

distilled water, 5 µL template DNA with the following 

conditions: initial denaturation: 94°C for 4 min; followed 

by 35 cycles of denaturation at 94°C for 30s; annealing at 

50-62°C for 30s; extension at 72°C for 90 s and final 

extension at 72°C for 7 min. PCR products were assessed 

by gel electrophoresis in 1.5% (w/v) agarose gel in 1× TBE 

buffer using BlueGel system (by MiniPCR) with built-in 

power supply (AC 100-240V, 50-60hz). Gels were dyed 

with GelGreen (Ca, USA) (10,000× in water). PCR products 

were then sent to Macrogen Inc., Seoul, Korea, for 

purification and standard sequencing (Sanger sequencing). 

RESULTS AND DISCUSSION 

Mini-barcode PCR primer design and in silico testing  

Primer design is generally regarded as one of the key 

determinants for successful PCR reactions, given that it 

affects specificity and efficiency directly. In this study, the 

selection of nucleotide templates was pivotal in ensuring 

that primer pairs performed successfully. By aligning 412 

seahorse cytochrome b sequences, it was possible to 

identify key areas where primer pairs could amplify different 

species while ensuring specificity. This demonstrates the 

importance of including nucleotide variability in primer 

pair development for improved success in amplification 

reactions for closely related species (Thaenkham et al. 

2022). 

In this study, integrating several bioinformatic tools 

strengthened the primer design and validation process. 

Web-based tools like Primer-BLAST and PCR Primer Stats 

helped validate the primers by analyzing their binding sites 

and amplification efficiency. While bioinformatic tools 

such as Unipro UGENE and FastPCR facilitated the in 

silico analysis of the primers. This ensured that the best 

primers were selected, thus strengthening the primer design 

process (Kalendar et al. 2017; Rose et al. 2018; Delghandi 

et al. 2022). Developing a robust and reproducible primer 

design pipeline is essential.  

The first successful primer pair could also be attributed 

to strict adherence to established guidelines for 

oligonucleotide primer pair development. Various parameters, 

including primer pair length, melting temperature, and 

structural stability, influence primer pair binding and 

amplification efficiency. For example, primer pair length 

within the optimum range (18-22 bp) could have improved 

specificity without compromising amplification efficiency. 

Similarly, appropriate ranges for melting and annealing 

temperatures could have improved amplification specificity, 

minimize non-specific products, and maximize yield. This 

is in line with previous studies that have emphasized that 

primer pairs that deviate from optimum thermodynamic 

conditions may result in reduced amplification efficiency 

or increased mismatched nucleotide incorporation (Bustin 

et al. 2019).  

GC content and the inclusion of the GC clamp at the 3' 

end also contributed to the primers' stability and binding 

capacity. However, if the GC content is too high or there 

are clusters of G/C nucleotides at the 3' end of the primers, 

there is also the possibility of nonspecific binding, which 

can adversely affect the outcome of the PCR. The absence 

of nonspecific secondary structures such as hairpin, self-

dimer, and cross-dimer in the designed primers also indicates 

that primer-template binding was not compromised, 

thereby ensuring the success of the process. Furthermore, 

the evaluation of repeats, runs, and the stability of the 3' 

end of the primers also ensured the reduction of the 

possibility of false binding, which has also been identified 

as one of the major causes of PCR artifacts in the past 

(Maddocks and Jenkins 2017; Guo et al. 2020; Sharma 

2021). 

In total, this consistency between theoretical parameters 

and primer efficacy highlights the value of a comprehensive 

and criterion-driven method for primer development. The 

results show that a combined method including sequence 

alignment, thermodynamic calculation, and in silico 

verification can greatly improve the reliability of PCR, 

especially for mini-barcode assays in genetically complex 

species such as seahorses. Figure 3 shows the pipeline for 

the mini-barcode PCR primer design done in this study. 

A thorough evaluation of all the primers generated by 

the software and web-based bioinformatic tools was 

conducted. The properties of oligos and in silico analysis 

were strictly considered before proceeding with the 

synthesis primers (Biñas 2000; Maddocks and Jenkins 

2017). The top four primer sets after the assessment of 

oligos are shown in Table 3. 
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Table 3. The top four mini-barcode PCR primer sets were generated and used in this study 

 

Primer set  
Primer 

name 
Direction Primer sequence (5’- 3’) 

Length 

(bp) 

GC 

(%) 

Product 

length (bp) 

Melting 

temperature (°C) 

Annealing 

temperature (°C) 

SHRS_mini1 

 

shrs14f Forward CACACTTTCATCGACGCTT 22 50.0 234 56.7 52.99 

shrs14r Reverse TCTTCAGTGTTATGCTTTA 21 52.4 56.8 

SHRS_mini2 

 

shrs16f Forward CACACTTTCATCGACGCTT 20 50.0 300 54.7 56.99 

shrs16r Reverse TCTTCAGTGTTATGCTTTA 20 50.0 56.3 

SHRS_mini3 

 

shrs_u1f Forward GTGTGAGGAGGATTTTCCGT 20 45.0 233 53.0 57.10 

shrs_u1r Reverse TGACTAAAGGGTTGGCTGGT 20 55.0 57.8 

SHRS_mini4 

 

shrs_f1f Forward TTTCCGTAGACAATGCTACTCT 22 40.9 126 53.4 54.53 

shrs_f1r Reverse CGGCAGGGTTATTTGATCCT 20 50.0 54.9 

 

 

 

 
 

Figure 3. Pipeline for PCR design and in silico PCR analysis 

utilizing integrative software and web-based bioinformatic tools 

 

 

 

The top four mini-barcode primer sets were SHRS_mini1, 

SHRS_mini2, SHRS_mini3, and SHRS_mini4. These 

primers yield PCR products of no more than 300 bp, a 

mini-barcode characteristic. All primers fall within the 

optimal primer length range of 18-22 bp, with the shortest 

at 20 bp (shrs16f, shrs16r, shrsh_u1f, shrs_u1r, and 

shrs_f1r) and the longest at 22 bp (shrs14f). The desired 

40-60% GC content was observed among the primers, with 

40.9% (shrs_f1f) as the lowest and 55% (shrsh_u1r) as the 

highest. The primers also have melting temperatures in the 

range of 52-58°C, which yield the best results. Regarding 

annealing temperature, which depends on the primers' 

melting temperatures (within 5°C of each other), all 

primers fall within the acceptable range (Lorenz 2012). No 

runs were found in the primers. In addition, most primer 

pairs do not exhibit secondary structures that would disrupt 

PCR reactions. Of the 4 primer sets, only one (SHRS_mini4) 

forms a 4-bp cross-dimer. 

PCR optimization 

Annealing temperatures were varied to determine the 

optimal annealing temperature for each primer set. The 

average melting temperature of the component forward and 

reverse primers in each set was used to guide targeting the 

closest optimal annealing temperature. Gradient PCR 

optimization was performed for each species, with increments 

of 1° from 50-62°C. Figure 4 shows the gel electrophoresis 

results of the primer sets SHRS_mini1, SHRS_mini2, 

SHRS_mini3, and SHRS_mini4 on frozen (A1-A12, C1-

C12, E1-E12, and G1-G12) and dried (B1-12, D1-D12, F1-

F12, and H1-H12) Hippocampus spp. samples at varying 

annealing temperatures (50-62°C). 

The optimal annealing temperature of the primer sets 

SHRS_mini1, SHRS_mini2, SHRS_mini3, and SHRS_mini4 

are 55.5°C (A6 and B6), 55.6°C (C6 and D6), 56.6°C (E7 

and F7), and 57.6°C (G8 and H8), respectively. The 

sharpest bands are observed in both frozen and dried 

Hippocampus sp. samples at these annealing temperatures, 

indicating the highest yield of PCR product. These 

temperatures were within the generally accepted 5°C range 

from the melting temperatures of each primer set's forward 

and reverse primers. We observed that the optimal 

annealing temperatures for the primer sets were lower than 

their melting points, as higher or very low annealing 

temperatures would yield lower-quality products due to 

mismatches and faulty priming (Maddocks and Jenkins 

2017; Green and Sambrook 2019). Moreover, the optimal 

annealing temperatures were very close to the average 

melting temperatures of the forward and reverse primers in 

the primer sets. 

Figure 5 shows the amplification of cytochrome b 

sequences for sample specimens: dried and frozen seahorse 

samples (H. kuda, H. comes, H. barbouri). The primer sets 

SHRS_mini2, SHRS_mini3, and SHRS_mini4 were able to 

amplify DNA from frozen and dried seahorse samples, but 

SHRS_mini1 showed faint to no bands for dried samples 

and good-quality bands for frozen samples. The primer set 

SHRS_mini2 seems to be very efficient for both frozen and 

dried samples. The optimal annealing temperature for 

SHRS_mini1 is 55.5°C, SHRS_mini2 is 55.6°C, SHRS_mini3 

is 56.6°C and SHRS_mini4 is 57.6°C respectively. 
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Based on the luminescence and sharpness of bands, which 

determine the presence and quality of amplified DNA, the 

SHRS_mini2 primer set performs best at amplifying the 

three seahorse species tested in this study among the four 

primer sets. It is then followed by SHRS_mini3, 

SHRS_mini1, and lastly, SHRS_mini4 (Table 4). 

  
 

  
 

Figure 4. Representative image for gradient PCR optimization of four different primer sets designed in this study: A. Amplification of 

cytb primer set SHRS_mini1, B. SHRS_mini2, C. SHRS_mini3, D. SHRS_mini4; for frozen and dried Hippocampus spp. A0, B0, C0, 

D0, E0, F0, G0, and H0 are 100bp plus molecular weight ladder (Dongsheng Biotech) 

 

 

 

  
 

Figure 5. Testing of PCR primer sets on: A. Frozen, and B. Dried Hippocampus spp. samples for SHRS_mini1-SHRS_mini4. Lane 1: 

DNA ladder (100bp) 

 

* * 

A B 

A B 

C D 



SALAMIDA & TABUGO – Primer design and testing for seahorse forensics 

 

7/9 

Moreover, sequence quality assessment confirmed the 

reliability of the generated data based on the evaluation of 

chromatograms and corresponding quality scores. Quality 

scores, which reflect the confidence in base calling, are 

widely used indicators of sequencing accuracy, with values 

≥20 considered acceptable (Bell and Kramvis 2015). In this 

study, results show evidently low-quality bases in the 

beginning and end of the sequences, a pattern obviously 

associated with inherent limitations of sequencing 

reactions. But it should be noted that, these regions do not 

compromise data integrity, as they are routinely trimmed 

prior to downstream analyses. 

Most importantly, however, the central regions of the 

sequence displayed sharp, well-defined peaks with little 

overlap, indicating high confidence in the base calls for the 

cytochrome b fragments. This is also corroborated by the 

consistently high quality scores obtained, which reached a 

maximum of 62. Out of all the primer sets that were used in 

this investigation, SHRS_mini1 and SHRS_mini2 displayed 

the highest consistency and quality of chromatograms, 

indicating that there is a high degree of confidence in the 

base calls. This indicates that these primers have high 

potential in amplifying DNA fragments. 

In addition, what remains challenging is species 

delineation in illegal trade/seafood forensics and conservation, 

particularly for smooth seahorses, which are often broadly 

identified as H. kuda. However, accumulating evidence 

suggests that H. kuda does not refer to a single species but 

rather a species complex composed of multiple genetically 

distinct haplotypes (Lourie et al. 2016). This taxonomic 

ambiguity complicates accurate identification, thereby 

posing difficulties for effective conservation management 

and enforcement in wildlife trade monitoring. Thus, to 

evaluate primer efficacy in species delineation, some of the 

generated sequences were used to investigate the H. kuda 

species complex through phylogenetic analysis. BLAST 

results showed that these sequences matched known 

haplotypes of the cytochrome b gene deposited in the 

NCBI (National Center for Biotechnology Information) 

GenBank database, confirming the authenticity and accuracy 

of the amplified fragments. These matches indicate that the 

sequences correspond to established mitochondrial 

haplotypes and are reliable for species-level identification. 

 

 

 
Table 4. Ranking of generated primer sets based on amplification 

results 

 

Rank no. Primer set Primers Direction 

1 SHRS_mini2 

 

shrs16f Forward 

shrs16r Reverse 

2 SHRS_mini3 shrs_u1f Forward 

shrs_u1r Reverse 

3 SHRS_mini1 

 

shrs14f Forward 

shrs14r Reverse 

4 SHRS_mini4 

 

shrs_f1f Forward 

shrs_f1r Reverse 

 

 

 

 
 

 

Figure 6. A sample Neighbor-Joining (NJ) phylogenetic tree was constructed for the two primer sets: SHRS_mini1 and SHRS_mini2, 

with Hippocampus hilonis designated as the outgroup, and AF12685.1, AF192684.1, AF192687.1 Hippocampus kuda serves as 

reference sequences, while other samples are sequences generated from both frozen and dried samples; bootstrap values are also shown 
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Based on some of the output sequences, a phylogenetic 

tree was generated using the Neighbor-Joining (NJ) method 

in the PHYLogeny Inference Package (PHYLIP) in DNA 

Subway, with Hippocampus hilonis as the outgroup (Figure 

6). All ingroup sequences grouped with the reference 

sequences for H. kuda, indicating successful species 

identification. This also demonstrates the primers' efficacy 

in obtaining phylogenetically informative sequences. 

It is interesting to note that H. kuda, is a species 

complex according to previous studies (Lourie et al. 2016). 

This could explain the high genetic similarity among the 

samples despite the potential genetic diversity. However, 

the optimized primers have strong potential and can be 

used effectively for accurate identification and 

phylogenetic reconstruction of seahorses. 

Overall, despite coverage and sampling limitations, the 

results suggest that the primers generated in this study 

show potential and can produce high-quality PCR products 

from frozen and dried seahorse samples. Seahorse samples 

that have undergone processing, such as drying and 

freezing, which cause DNA fragmentation, can be 

amplified and identified by sequencing using the primer 

sets SHRS_mini1, SHRS_mini2, SHRS_mini3, and 

SHRS_mini4. We recommend using the generated primers 

for other species to broaden species coverage and increase 

sample size to assess primer generalizability. Nevertheless, 

the results of this study will be useful as baseline data for 

future studies. 

In conclusion, four mini-barcode PCR primer sets 

capable of amplifying shorter fragments of the cytochrome 

b gene were designed and tested in this study to provide 

better primers for molecular identification of seahorses, 

whether fresh, frozen, or dried. These primers target shorter 

sequences to accommodate fragmented DNA sequences of 

processed seahorse samples in the global seahorse trade. 

All the primer sets amplified high-quality sequences, 

suggesting that they have potential and can be used for the 

identification of seahorses. Thus, this will enhance seahorse 

species monitoring, trade, and species-level delineation. 

Moreover, this may help address the data gap in seahorse 

biodiversity and conservation status, and reduce the 

exploitation and illegal trade of seahorses. However, 

additional sampling across different seahorse species is 

needed, as none are included in this study. 

ACKNOWLEDGEMENTS 

We gratefully acknowledge the Department of Science 

and Technology (DOST), Philippines, for providing financial 

support for this study. 

 REFERENCES 

Barbisin M, Shewale JG. 2010. Assessment of DNA extracted from 

forensic samples prior to genotyping. Forensic Sci Rev 22 (2): 199-
214. https://doi.org/10.1201/b15361-10. 

Bell TG, Kramvis A. 2015. Bioinformatics tools for small genomes, such 
as hepatitis B virus. Viruses 7 (2): 781-797. 

https://doi.org/10.3390/v7020781. 

Biñas M. 2000. Designing PCR primers on the web. Biotechniques 29 (5): 

988-990. https//doi.org/10.2144/00295ior01. 

Bustin SA, Mueller R, Nolan T. 2019. Parameters for successful PCR 
primer design. Methods Mol Biol 2065: 5-22. 

https://doi.org/10.1007/978-1-4939-9833-3_2. 

Casey SP, Hall HJ, Stanley HF, Vincent ACJ. 2004. The origin and 
evolution of seahorses (genus Hippocampus): A phylogenetic study 

using the cytochrome b gene of mitochondrial DNA. Mol Phylogenet 

Evol 30 (2): 261-272. https://doi.org/10.1016/j.ympev.2003.08.018. 
Chang CH, Lin HY, Jang-Liaw NH, Shao KT, Lin YS, Ho HC. 2013. The 

complete mitochondrial genome of the tiger tail seahorse, 

Hippocampus comes (Teleostei, Syngnathidae). Mitochondrial DNA 
24 (3): 199-201.https://doi.org/10.3109/19401736.2012.744983. 

Delghandi M, Delghandi MP, Goddard S. 2022. The significance of PCR 

primer design in genetic diversity studies: Exemplified by recent 
research into the genetic structure of marine species. In: Basu C (eds). 

PCR Primer Design. Methods in Molecular Biology. Humana, New 

York. https://doi.org/10.1007/978-1-0716-1799-1_1. 
Fields AT, Abercrombie DL, Eng R, Feldheim K, Chapman DD. 2015. A 

novel mini-DNA barcoding assay to identify processed fins from 

internationally protected shark species. PLoS One 10 (2): e0114844. 
https://doi.org/10.1371/journal.pone.0114844. 

Gao Z, Liu Y, Wang X, Wei X, Han J. 2019. DNA mini-barcoding: A 

derived barcoding method for herbal molecular identification. Front 
Plant Sci 10: 987. https://doi.org/10.3389/fpls.2019.00987. 

Green MR, Sambrook J. 2019. Agarose Gel Electrophoresis. Cold Spring 

Harbor Laboratory Press, New York. 
https://doi.org/10.1101/pdb.prot100404. 

Günther B, Knebelsberger T, Neumann H, Laakmann S, Arbizu PM. 

2018. Metabarcoding of marine environmental DNA based on 
mitochondrial and nuclear genes. Sci Rep 8: 14822. 

https://doi.org/10.1038/s41598-018-32917-x. 

Guo J, Starr D, Guo H. 2020. Classification and review of free PCR 
primer design software. Bioinformatics 36 (22-23): 5263-5268. 

https://doi.org/10.1093/bioinformatics/btaa910. 

Heard J, Chen J-P, Wen CKC. 2019. Citizen science yields first records of 

Hippocampus japapigu and Hippocampus denise (Syngnathidae) 

from Taiwan: A hotspot for pygmy seahorse diversity. ZooKeys 883: 
83-90. https://doi.org/10.3897/zookeys.883.39662. 

Hebert PDN, Cywinska A, Ball SL, deWaard JR. 2003. Biological 

identifications through DNA barcodes. Proc Biol Sci 270 (1512): 313-
321. https://doi.org/10.1098/rspb.2002.2218. 

Hobern D. 2021. BIOSCAN: DNA barcoding to accelerate taxonomy and 

biogeography for conservation and sustainability. Genome 64 (3): 
161-164. https://doi.org/10.1139/gen-2020-0009. 

Hou F, Wen L, Peng C, Guo J. 2016. Identification of marine traditional 

Chinese medicine dried seahorses in the traditional Chinese medicine 
market using DNA barcoding. Mitochondrial DNA A DNA Mapp 

Seq Anal 29: 107-112. https://doi.org/10.1080/24701394.2016.1248430. 

Irwin DM, Kocher TD, Wilson AC. 1991. Evolution of the cytochrome b 
gene of mammals. J Mol Evol 32: 128-144. 

https://doi.org/10.1007/BF02515385. 

Kalendar R, Khassenov B, Ramankulov Y, Samuilova O, Ivanov KI. 
2017. FastPCR: An in silico tool for fast primer and probe design and 

advanced sequence analysis. Genomics 109 (3-4): 312-319. 

https://doi.org/10.1016/j.ygeno.2017.05.005. 
Kocher TD, Thomas WK, Meyer A, Edwards SV, Pääbo S, Villablanca 

FX, Wilson AC. 1989. Dynamics of mitochondrial DNA evolution in 

animals: Amplification and sequencing with conserved primers. Proc 
Natl Acad Sci 86 (16): 6196-6200. 

https://doi.org/10.1073/pnas.86.16.6196. 

Kumar S, Stecher G, Li M, Knyaz C, Tamura K. 2018. MEGA X: Molecular 
Evolutionary Genetics Analysis across computing platforms. Mol 

Biol Evol 35 (6): 1547-1549. https://doi.org/10.1093/molbev/msy096. 

Lawson JM, Foster SJ, Vincent ACJ. 2017. Low bycatch rates add up to 
big numbers for a genus of small fishes. Fisheries 42 (1): 19-33. 

https://doi.org/10.1080/03632415.2017.1259944. 

Lorenz TC. 2012. Polymerase chain reaction: Basic protocol plus 
troubleshooting and optimization strategies. J Vis Exp 63: e3998. 

https://doi.org/10.3791/3998. 

Lourie SA, Vincent AC. 2004. A marine fish follows Wallace's Line: The 
phylogeography of the three‐spot seahorse (Hippocampus trimaculatus, 

Syngnathidae, Teleostei) in Southeast Asia. J Biogeogr 31 (12): 1975-

1985. https://doi.org/10.1111/j.1365-2699.2004.01153.x. 
Lourie SA, Foster SJ, Cooper EW, Vincent AC. 2004. A Guide to the 

Identification of Seahorses. Project Seahorse and TRAFFIC North 



SALAMIDA & TABUGO – Primer design and testing for seahorse forensics 

 

9/9 

America, University of British Columbia and World Wildlife Fund, 

Washington, D.C. 

Lourie SA, Pollom RA, Foster SJ. 2016. A global revision of the seahorses 
Hippocampus rafinesque 1810 (Actinopterygii: Syngnathiformes): 

Taxonomy and biogeography with recommendations for further 

research. Zootaxa 4146 (1): 1-66. 
https://doi.org/10.114646/zootaxa.4146.1.1. 

Maddocks S, Jenkins R. 2017. Designing and ordering your polymerase 

chain reaction primers. In: Maddocks S, Jenkins R (eds). Understanding 
PCR. A Practical Bench-Top Guide. Academic Press, Cambridge, 

USA. https://doi.org/10.1016/b978-0-12-802683-0.00002-2. 

Marín A, Alfaro R, Villegas-Llerena C, Reyes-Flores L E, Alvarez-Jaque 
IB, Robles C, Ingar C, Yzásiga-Barrera CG, Calado LL, Zelada-

Mázmela E. 2021. Molecular tools against the illegal exploitation of 

the threatened Pacific seahorse Hippocampus ingens Girard, 1858. J 
Nat Conserv 62: 126030. https://doi.org/10.1016/j.jnc.2021.126030. 

Modave E, MacDonald AJ, Sarre SD. 2017. A single mini-barcode test to 

screen for Australian mammalian predators from environmental 
samples. Gigascience 6 (8): gix052. 

https://doi.org/10.1093/gigascience/gix052. 

Nester GM, De Brauwer M, Koziol A, West KM, DiBattista JD, White NE, 
Power M, Heydenrych MJ, Harvey E, Bunce M. 2020. Development 

and evaluation of fish eDNA metabarcoding assays facilitate the 

detection of cryptic seahorse taxa (family: Syngnathidae). Environ 
DNA 2 (4): 614-626. https://doi.org/10.1002/edn3.93. 

Pavitt A, Malsch K, King E, Chevalier A, Kachelriess D, Vannuccini S, 

Friedman K. 2021. CITES and the Sea: Trade in Commercially 
Exploited CITES-Listed Marine Species. Food and Agriculture 

Organization of the United Nations, Rome, Italy. 

https://doi.org/10.4060/cb2971en. 
Rose R, Golosova O, Sukhomlinov D, Tiunov A, Prosperi M. 2018. 

Flexible design of multiple metagenomics classification pipelines 

with UGENE. Bioinformatics 35 (11): 1963-1965. 
https://doi.org/10.1093/bioinformatics/bty901. 

Sharma M. 2021. Basic concepts of primer designing: A minireview. Intl J 

Latest Trends Eng Technol 17 (4): 010-012. 

https://doi.org/10.21172/1.174.03. 

Shokralla S, Hellberg RS, Handy SM, King I, Hajibabaei M. 2015. A 
DNA mini-barcoding system for authentication of processed fish 

products. Sci Rep 5: 15894. https://doi.org/10.1038/srep15894. 

Taberlet P, Gielly L, Pautou G, Bouvet J. 1991. Universal primers for 
amplification of three non-coding regions of chloroplast DNA. Plant 

Mol Biol 17: 1105-1109. https://doi.org/10.1007/BF00037152. 

Thaenkham U, Chaisiri K, Chan AHE. 2022. PCR and DNA sequencing: 
Guidelines for PCR, primer design, and sequencing for molecular 

systematics and identification. In: Molecular Systematics of Parasitic 

Helminths. Springer, Singapore. https://doi.org/10.1007/978-981-19-

1786-8_7. 

Teske PR, Cherry MI, Matthee CA. 2003. Population genetics of the 
endangered Knysna seahorse, Hippocampus capensis. Mol Ecol 12 

(7): 1703-1715.https://doi.org/10.1046/j.1365-294X.2003.01852.x. 

Tizard J, Patel S, Waugh J, Tavares E, Bergmann T, Gill B, Norman J, 
Christidis L, Scofield P, Haddrath O, Baker A, Lambert D, Millar C. 

2019. DNA barcoding a unique avifauna: An important tool for 

evolution, systematics and conservation. BMC Evol Biol 19: 52. 
https://doi.org/10.1186/s12862-019-1346-y. 

Toha AHA, Dailami M, Anwar S, Setiawan JB, Jentewo Y, Lapadi I, 

Sutanto S, Aryasari R, Ambariyanto, Runtuboi F, Madduppa H. 2020. 
The genetic relationships and Indo-Pacific connectivity of whale 

sharks (Rhincodon typus) with particular reference to mitochondrial 

COI gene sequences from Cendrawasih Bay, Papua, Indonesia. 
Biodiversitas 21 (5): 2159-2171. 

https://doi.org/10.13057/biodiv/d210544. 

Trivedi S, Rehman H, Saggu S, Panneerselvam C, Ghosh SK. 2020. DNA 
Barcoding and Molecular Phylogeny. Springer, Cham, Switzerland. 

Wang X, Zhong H, Guo J, Hou F. 2020. Morphology and molecular 

identification of the zoological origin of medicinal seahorses in 
Chinese herbal markets. Mitochondrial DNA A DNA Mapp Seq Anal 

31 (8): 335-345. https://doi.org/10.1080/24701394.2020.1815719. 

Wilson AB, Vincent A, Ahnesjö I, Meyer A. 2001. Male pregnancy in 
seahorses and pipefishes (family Syngnathidae): Rapid diversification 

of paternal brood pouch morphology inferred from a molecular 

phylogeny. J Hered 92 (2): 159-166. 
https://doi.org/10.1093/jhered/92.2.159. 

Woodall LC, Koldewey HJ, Shaw PW. 2011. Historical and contemporary 

population genetic connectivity of the European short‐snouted seahorse 
Hippocampus hippocampus and implications for management. J Fish 

Biol 78 (6): 1738-1756. https://doi.org/10.1111/j.1095-

8649.2011.02974.x. 
Xavier C, Eduardoff M, Bertoglio B, Amory C, Berger C, Casas-Vargas 

A, Pallua J, Parson W. 2021. Evaluation of DNA extraction methods 

developed for forensic and ancient DNA applications using bone 

samples of different ages. Genes 12 (2): 146. 

https://doi.org/10.3390/genes12020146. 
Zeng L, Armani A, Wen J, Lin H, Xu Y, Fan S, Sun Y, Yang C, Chen Z, 

Chen D, Zhao J, Li X. 2019. Molecular identification of seahorse and 

pipefish species sold as dried seafood in China: A market-based 
survey to highlight the actual needs for a proper trade. Food Control 

103: 175-181. https://doi.org/10.1016/j.foodcont.2019.04.007. 

Zhang Y-H, Qin G, Zhang H-X, Wang X, Lin Q. 2017. DNA barcoding 
reflects the diversity and variety of brooding traits of fish species in 

the family Syngnathidae along China’s coast. Fish Res 185: 137-144. 

https://doi.org/10.1016/j.fishres.2016.09.015. 
 


