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Combining DNA Mini-Barcoding and Species-Specific Primers PCR Technology for Identification of Heosemys grandis
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Heosemys grandis, a species of Asian water turtle, that has a wide range of applications in the food and pharmaceutical industries. Since some processed products cannot be identified exclusively by morphological and microscopic identification, a reliable and quick approach to guarantee authenticity is critical. Thus, we fostered an effective and stable molecular identification system to identify Heosemys grandis based on DNA mini-barcoding and species-specific primers PCR technology. A total of 48 turtle samples from 16 different species were collected. To distinguish Heosemys grandis from its counterfeits, DNA mini-barcoding and a pair of species-specific primers were designed and verified by PCR after analyzing the COI sequences of samples. The results showed that only Heosemys grandis samples could generate a single clear band following amplification using species-specific primers. Employing DNA mini-barcoding to amplify samples can verify authenticity by sequence alignment. These findings indicated that species-specific primers PCR technology combined with DNA mini-barcoding could accurately detect the authenticity of Heosemys grandis. This technology broadens the application of molecular biology techniques in the food and pharmaceutical industries. It provides a reliable and convenient method for identifying raw materials to standardize the market and protect customers’ rights and interests.
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INTRODUCTION

Heosemys grandis, a turtle of Geoemydidae Heosemys, is the largest species of hard-shelled and semiaquatic Asian water turtles. They are mainly distributed in Cambodia, Vietnam, Myanmar, Thailand, and Malaysia (Lintner et al., 2012). In the 1980s, Heosemys grandis was introduced to China. Then, breeding populations gradually shaped and primarily distributed in Zhejiang, Shandong, Jiangsu, Hunan, Hubei, Henan, Jiangxi, Guangdong, Guangxi, and Hainan (Zhou and Huang, 2007). Heosemys grandis is both palatable and restorative. Since 2002, many Heosemys grandis specimens have been sold in Haikou markets, with the majority of them being consumed as food to nourish the body (Wang et al., 2004). What’s more, Heosemys grandis is sold as a medicinal material in Chengdu, Anhui, and Hebei (Lan et al., 2012).

Market fraud, such as species substitution, is a concern in the food and drug industries (Lv et al., 2014; Tan et al., 2021). Low-cost and readily available materials are utilized to replace rare and expensive raw materials for profit (Silva et al., 2020). It has the potential to produce severe economic concerns and negative consequences on public health (Pinheiro et al., 2020; Silva et al., 2020). As a health product, the Guibie pill is a health supplement that benefits the kidney, replenishes the vital essence and the blood, and improves body immunity (Fan and Lv, 1999). Heosemys grandis is the raw material of Guibie pills. Due to the increase in demand for Heosemys grandis, various adulterated materials, such as Mauremys mutica, Trachemys scripta, Mauremys sinensis, and Mauremys reevesii, have surfaced on the market. These items are inexpensive and easy to obtain. As a result, there are many counterfeit Guibie pills on the market. Thus, consumers’ rights and interests cannot be guaranteed essentially, and the business volume of genuine products declined (Yu and Xia, 2004, 2000). For inexperienced researchers, it is hard to distinguish between authentic and counterfeit products through traditional methods, such as appearance and microscopic identification. Therefore, it is necessary to establish a simple and accurate identification method to distinguish Heosemys grandis from adulterations.

DNA barcode technology is currently used as an effective tool to identify species (Natonek-Wisniewska and Slota, 2008; An et al., 2012). DNA barcode based on sequencing and analyzing a standard region of cytochrome c oxidase subunit I (COI) provides a convenient method for identifying animal species (Che et al., 2012; Chen et al., 2021). Factors like high temperature, high pressure, repeated freezing and thawing in raw material processing can cause DNA degradation (Huang et al., 2021). Standard DNA barcode sequences are difficult to obtain for samples with degraded DNA (Su et al., 2020). Therefore, some scholars have proposed DNA mini-barcoding, a DNA sequence with a length of 100∼200 bp (Shokralla et al., 2015; Chen et al., 2018). Compared with traditional DNA barcodes, DNA mini-barcoding is easier to amplify sequences from degraded samples than standard DNA barcodes and has greater efficiency. It has become increasingly crucial for identification in the food and pharmaceutical industries (Hellberg et al., 2017; Chen et al., 2018). In addition, species-specific primers PCR technology is also a commonly applied method for identification (Gargouri et al., 2021). It obviates the sequencing process and has the advantage of simplicity and quickness. As a result, it has been widely applied in species identification research (Agee and Barthet, 2021; Ma et al., 2021).

This study designed a DNA mini-barcoding and species-specific primers to distinguish Heosemys grandis from other species. And the identification success rates of the two identification systems have been verified through experiments. It provides an effective and low-cost method for identifying authentic Heosemys grandis. This technology fosters the integration of molecular biology and pharmacognosy research and expands the use of molecular biology techniques in food and medicine development. Besides, this study offers an effective tool for the market supervision of Heosemys grandis transactions, which is critical for enhancing the safety and effectiveness of food and medicine related to Heosemys grandis.



MATERIALS AND METHODS


Materials

Forty-eight turtle samples belonging to 16 species were collected from the markets of five provinces in China (Hubei, Zhejiang, Guangxi, Hainan, Yunnan) in October-November 2015 and June-July 2019 (Table 1). All of the samples come from turtles that are lawfully kept in captivity. Two treatments were given to each turtle. One method was to cut the skin of the turtle leg and extract muscle tissue with a scalpel. The muscle tissue was then tagged and kept at −80°C. This portion of the material was used to test the COI universal primer PCR. The other was to simulate the raw material processing process. After removing viscera, turtle oil, and a tiny portion of muscle tissue, the remaining part was dried at a temperature of 70∼80°C, frozen and crushed in liquid nitrogen, and passed through an 80-mesh sieve before being labeled and stored at −80°C. This portion of the sample was utilized to test COI universal primers, DNA mini-barcoding, and species-specific primers. All the samples were labeled according to the individual. The information was shown in Table 1, and the turtle species labeled in the marketplace matched the sequenced samples.


TABLE 1. Information on all samples used in this study.
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The identification primers were synthesized by Sangon Biotech (Shanghai) Co., Ltd., (2OD per tube), centrifuged at 8,000 r min–1 for 5 min, 1 mL of ddH2O was added, and the primers were vortexed for 1 min before being aliquoted, and then kept at −20°C for subsequent use. Other reagents were purchased locally.



DNA Extraction

A mortar was used to smash the tissue sample. Approximately 30 mg of tissue sample/powder was used for DNA extraction according to the instructions of the tissue/cell genomic DNA extraction kit (Biomed, China). To increase the DNA concentration, three adsorption columns were eluted with ddH2O (50 μL).



Establishment of COI Barcode Sequence Database

The extracted genomic DNA was amplified using COI primers (Table 2). PCR was carried out in a 30 μL reaction volume (Table 3). The PCR conditions included predenaturation for 5 min at 94°C followed by 35 cycles of denaturing (94°C, 1 min), annealing (46°C, 1 min) and extension (72°C, 1 min), and extension at 72°C for 10 min finally. The electrophoresis process was performed on a 1.0% agarose gel with Golden View Stain using 5 μL of PCR product. The results were visualized by a gel imaging system, and the PCR products were delivered to Sangon Biotech (Shanghai) for bidirectional sequencing.


TABLE 2. Information on the primers used in this study.
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TABLE 3. PCR system for amplifying the COI sequence.
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To acquire the DNA sequence, Contig Express software was used to splice the two-way sequencing peak map and remove the weak or overlapped peak regions at both ends. DNAMAN software was used to align the sequences obtained and analyze the relatively specific sites and relatively conserved regions of Heosemys grandis. MEGA software was used to construct an N-J tree based on standard parameters with bootstrap testing of 1,000 replicates. Because the samples originated from separate suborders, Deinagkistrodon acutus (KP403586.1) was chosen as an outgroup since it belongs to the same class as the samples and is in a different order.



Establishment of DNA Mini-Barcoding Identification System

According to the COI sequence analysis results, DNA mini-barcoding primers HG (Table 2) were designed using Primer-BLAST1. The amplification system was consistent with Table 3. The thermal cycling conditions were 94°C for 5 min, followed by 35 cycles of 94°C for 45 s, 45°C for 45 s, and 72°C for 45 s, and a final extension at 72°C for 10 min. An agarose gel electrophoresis was utilized with a 1.0% gel concentration and the nucleic acid gel stain Golden View to observe the amplification results. The samples and DNA marker were loaded in a 5 μL volume. The PCR products and PCR amplification primers were sent to Sangon for DNA sequencing.

After using Contig Express software to splice the peak map, DNAMAN software was used to align the sequences. An N-J tree using GenBank sequence (KP403586.1) as outgroups was produced by MEGA software based on standard parameters with bootstrap testing of 1,000 replicates.



Establishment of a Species-Specific Primers PCR Identification System

Based on the COI sequence analysis results, Primer-BLAST (see text footnote 1) was used to design species-specific primers HGTY (Table 3). The PCR amplification conditions were initially set up as 94°C for 5 min, followed by 35 cycles of 94°C for 45 s, 60°C for 45 s, and 72°C for 45 s, and a final extension at 72°C for 10 min. Since the Table 2 system’s amplified band was weak, the experiment was repeated with the rTaq enzyme instead. The reaction system is shown in Table 4.


TABLE 4. PCR system for species-specific primers HGTYI and HGTY2.
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RESULTS


Analysis of COI Barcode Sequence

The results of amplifying all of the samples are shown in Figure 1. As shown in the diagram, the processed products cannot amplify bands. It could be due to DNA degradation induced by drying samples at 70 ∼ 80°C and frequent freezing and thawing samples during transportation. As a result of this finding, we used processed products to test species-specific primers and DNA mini-barcoding.


[image: image]

FIGURE 1. PCR product agarose gel results for amplifying COI sequences using optimal conditions. (A,B) Agarose gel electrophoresis of unprocessed samples. (C–E) Agarose gel electrophoresis of processed samples. Genuine samples: Hg1-Hg8; Mr1-Mr8:M. reevesii samples; 1–4: C. serpentina; 5–6: C. galbinifrons; 7–8: I. elongata; 9–10: P. megacephalum; 11–14: T. scripta; 15–16: P. subrufa; 17–18: C. amboinensis; 19–20: M. sinensis; 21–22: C. mouhotii; 23–24: C. dentata; 25–26: G. spengleri; 27–28: M. mutica; 29–30: M. annamensis; 31–32: P. unifilis). M, DNA ladders.


The COI sequence obtained after removing the primer region was 572 bp in total. Supplementary File 1 contains the full-length COI barcode sequences (572 bp) of 48 sequences. Among the turtle species studied in this experiment, there were 21 relatively specific sites (Table 5) and 5 segments of relatively conserved regions (∼22 bp) in the Heosemys grandis sequence (Table 6). These sequence characteristics were used to design primers in subsequent experiments.


TABLE 5. Relatively specific sites of COI Barcode in the Heosemys grandis sequence.
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TABLE 6. The relatively conserved regions of the COI barcode of Heosemys grandis.
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The results of the N-J tree (Figure 2) revealed that samples from various species were clustered in one branch based on the species. Genetic distances were calculated by MEGA software. Three species (T. scripta, M. mutica, and P. unifilis) have an intraspecific distance of 0.0018, one (C. serpentina) has an intraspecific distance of 0.0012, and the remainder have an intraspecific distance of 0. The maximum interspecific distance was 0.4302, while the minimum interspecific distance was 0.0133. This result suggested that the COI universal barcode can discriminate between samples from different turtle species with undegraded DNA.


[image: image]

FIGURE 2. Results of the neighbor-joining tree based on COI sequences of the 48 turtle samples. The value represented the percentage of these branches in the bootstrap test, indicating whether the data adequately support their associated partitions. The closer to 100, the higher the credibility.




Verification of the Identification Efficiency of DNA Mini-Barcoding

According to agarose gel electrophoresis and sequencing experiments, HG had a 100% identification success rate and could produce a bright band around 170 bp (Figure 3) for subsequent gel-cut sequencing. The sequencing results of the verification experiment confirmed that HG could effectively identify Heosemys grandis and counterfeit species. The overall length of the HG sequence was 168 bp. All HG sequences are presented in Supplementary File 2. The sequence has been registered in GenBank2.


[image: image]

FIGURE 3. PCR product agarose gel results for 8 genuine and 40 counterfeit samples using HG. (A) Agarose gel electrophoresis of 8 genuine samples (Hg1-Hg8) and 8 M. reevesii samples (Mr1-Mr8). (B) Agarose gel electrophoresis of HG4 with 32 counterfeit species samples (1–4: C. serpentina; 5–6: C. galbinifrons; 7–8: I. elongata; 9–10: P. megacephalum; 11–14: T. scripta; 15–16: P. subrufa; 17–18: C. amboinensis; 19–20: M. sinensis; 21–22: C. mouhotii; 23–24: C. dentata; 25–26: G. spengleri; 27–28: M. mutica; 29–30: M. annamensis;31–32: P. unifilis). M, DNA ladders.


The N-J tree (Figure 4) presented that the samples of different species were aggregated in one branch according to the species. Genetic distances were calculated using MEGA software. Except for T. scripta, which had an intraspecific distance of 0.0045, all other species had an intraspecific distance of 0. The maximum interspecific distance was 0.2426, while the minimum interspecific distance was 0.0137. This result demonstrated that HG could be used for molecular identification between processed turtle samples.
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FIGURE 4. Results of the neighbor-joining tree based on HG sequences of the 48 turtle samples. The value represented the percentage of these branches in the bootstrap test, indicating whether the data adequately support their associated partitions. The closer to 100, the higher the credibility.




Verification of the Identification Efficiency of the Species-Specific Primers

Experiments on 8 genuine and 40 counterfeit samples confirmed that the species-specific primers HGTY had a 100% identification success rate and efficiency. Figure 5 depicted the outcome. The genuine product showed a single bright band at approximately 250 bp, while the bands of counterfeit species were faint and messy. Since the gel result of Heosemys grandis was a single band with no non-specific amplification, they could be used as a positive control to see if the sample is genuine. In summary, the identification system based on the species-specific primers HGTY effectively distinguished Heosemys grandis from other turtle species.
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FIGURE 5. PCR product agarose gel results for 8 genuine and 40 counterfeit samples using HGTY. (A) Agarose gel electrophoresis of 8 genuine samples (Hg1-Hg8). (B) Agarose gel electrophoresis of 8 M. reevesii samples (Mr1-Mr8) species-specific primers HGTY1. (C) Agarose gel electrophoresis of the species-specific primers HGTY1 with 32 counterfeit species samples (1–4: C. serpentina; 5–6: C. galbinifrons; 7–8: I. elongata; 9–10: P. megacephalum; 11–14: T. scripta; 15–16: P. subrufa; 17–18: C. amboinensis; 19–20: M. sinensis; 21–22: C. mouhotii; 23–24: C. dentata; 25–26: G. spengleri; 27–28: M. mutica; 29–30: M. annamensis; 31–32: P. unifilis). M, DNA ladders.





DISCUSSION

Because Heosemys grandis can be eaten and used as medicine, it has a significant market potential (Wang et al., 2004; Lan et al., 2012). As a result, market demand has increased, and various counterfeits have appeared, potentially disrupting the market, reducing clinic effectiveness, and affecting public safety. This research proposed combining DNA mini-barcoding and species-specific primers PCR technology to address the issues above. Common turtle species from East and Southeast Asia markets were used as test subjects. These turtles have a wide range of distribution, including Southeast Asia, America, and Africa. The study’s species breadth was enough for practical application. In a word, the identification system could serve as an effective instrument for market surveillance of Heosemys grandis.

Both DNA mini-barcoding identification and species-specific primers identification approaches have certain advantages and limitations. Through DNA sequencing, the DNA mini-barcoding identification method can obtain the DNA sequence of a specific location in a sample and properly identify the species of an unknown source sample (Chen et al., 2021). However, the DNA sequencing experiment cycle is long (over 36 h) and requires an additional expenditure (Shokralla et al., 2015). It displays a lack of economy and timeliness. Through the gel results of agarose gel electrophoresis, the species-specific primers directly identify whether the sample is a genuine species. Still, source information of the sample cannot be retrieved. The experiment can be carried out in a general molecular biology laboratory. Species-specific primers have superior timeliness and cost-effectiveness, but it lacks the accuracy of the DNA barcode identification approach. Although species-specific primers can meet most identification requirements, it isn’t easy to totally eliminate false-positive and false-negative findings. Therefore, we recommend that species-specific primers be used as the primary method in practical applications, with DNA mini-barcoding as a supplementation. When the gel image results are hazy or crucial samples are being used, it is preferable to employ the DNA mini-barcoding identification method to determine the sample’s accurate species source.

The complementarity of primers and sequences was a major consideration when designing primers (Supplementary Table 1). The complementarity of species-specific primers and genuine products should, on average, be better than that of counterfeit products. In addition to complementarity, amplification conditions are also related to the presence or absence of non-specific amplification. Therefore, it is necessary to optimize the amplification conditions before evaluating the primers. In particular, species-specific primers must be tested simultaneously with genuine and counterfeit products to eliminate external interference such as instruments and optimize amplification conditions where only authentic products can produce a single bright band.

The ideal DNA barcode sequence should have significant interspecific and sufficiently small intraspecific variations, and its minimum variation between species should exceed the maximum variation within species (Chase et al., 2007). The lowest interspecific distances of COI and HG were bigger than the intraspecific genetic distances. There are no areas where intraspecific and interspecific genetic distances overlap. This result suggested that both COI and HG are ideal DNA barcodes.

In the food and medicine industries, identifying the correct species source has become a critical problem. It’s difficult for untrained persons to identify samples using traditional methods, and amplifying DNA from processed products is challenging. This study clarified developing a reliable and rapid method for identifying Heosemys grandis based on COI. We designed species-specific primers to quickly identify Heosemys grandis to lower identification costs, save time, and enhance identification efficiency. Simultaneously, we created a DNA mini-barcoding as a complement to avoid the occurrence of false results. This method combines DNA mini-barcoding and species-specific primers PCR technology, broadens the breadth of molecular biology technology’s application in pharmacognosy, and provides an effective way for food and medication identification and quality monitoring. Meanwhile, the technology aids in regulating and controlling raw materials and processed products and provides an effective tool for protecting consumer health and reducing market fraud.
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Primer sequence

GGTCAACAAATCATAAAGATATTGG
TAAACTTCAGGGTGACCAAAAAATCA
GAATTGAAGCAGGTG
TTTTATGTTAATTGCTGTA
AGCCAGATTTCCAGCCAGG
GAGCCCTTTTAGGGGATGCT
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Latin name Place of purchase Natural Geographic Distribution Sample number

Chelydra serpentina Hubei South America or North America 1
Chelydra serpentina Hubei South America or North America 2
Chelydra serpentina Hubei South America or North America 3
Chelydra serpentina Hubei South America or North America 4
Cuora galbinifrons Zhejiang Vietnam, Laos, or China 5
Cuora galbinifrons Zhejiang Vietnam, Laos, or China 6
Indotestudo elongata Guangxi Myanmar, India, or Vietnam 7
Indotestudo elongata Guangxi Myanmar, India, or Vietnam 8
Platysternon megacephalum Zhejiang Myanmar or Vietnam 8
Platysternon megacephalum Zhejiang Myanmar or Vietnam 10
Trachemys scripta Hubei The United States or Mexico 11
Trachemys scripta Hubei The United States or Mexico 12
Trachemys scripta Guangdong The United States or Mexico 13
Trachemys scripta Guangdong The United States or Mexico 14
Pelomedusa subrufa Guangxi Africa 15
Pelomedusa subrufa Guangxi Africa 16
Cuora amboinensis Zhejiang Vietnam 17
Cuora amboinensis Zhejiang Vietnam 18
Mauremys sinensis Hubei China or Vietnam 19
Mauremys sinensis Hubei China or Vietnam 20
Cuora mouhotii Zhejiang Myanmar or Vietnam 21
Cuora mouhotii Zhejiang Myanmar or Vietnam 22
Cyclemys dentata Zhejiang Myanmar or Vietnam 23
Cyclemys dentata Zhejiang Myanmar or Vietnam 24
Geoemyda spengleri Guangdong China or Vietnam 25
Geoemyda spengleri Guangdong China or Vietnam 26
Mauremys mutica Hubei China or Vietnam 27
Mauremys mutica Guangxi China or Vietnam 28
Mauremys annamensis Zhejiang Vietnam 29
Mauremys annamensis Zhejiang Vietnam 30
Podocnemis unifilis Yunnan South America 31
Podocnemis unifilis Yunnan South America 32
Mauremys reevesii Hubei China Mr1-Mr4
Mauremys reevesii Guangxi China Mr5-Mr8

Heosemys grandis Hainan Cambodia or Vietnam Hg1-Hg8
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