

[image: image1]
Detection of Ophiocordyceps sinensis and Its Common Adulterates Using Species-Specific Primers









	
	ORIGINAL RESEARCH
published: 21 June 2017
doi: 10.3389/fmicb.2017.01179





[image: image2]

Detection of Ophiocordyceps sinensis and Its Common Adulterates Using Species-Specific Primers


Yang Liu1, Xiao-yue Wang1, Zi-tong Gao1, Jian-ping Han1* and Li Xiang2


1Identification Center, Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing, China

2Artemisinin Research Center, Institute of Chinese Materia Medica, China Academy of Chinese Medical Sciences, Beijing, China

Edited by:
Abd El-Latif Hesham, Assiut University, Egypt

Reviewed by:
Zhao Chen, Clemson University, United States
 Rolf Dieter Joerger, University of Delaware, United States

* Correspondence: Jian-ping Han, jphan@implad.ac.cn

Specialty section: This article was submitted to Food Microbiology, a section of the journal Frontiers in Microbiology

Received: 16 January 2017
 Accepted: 09 June 2017
 Published: 21 June 2017

Citation: Liu Y, Wang X-y, Gao Z-t, Han J-p and Xiang L (2017) Detection of Ophiocordyceps sinensis and Its Common Adulterates Using Species-Specific Primers. Front. Microbiol. 8:1179. doi: 10.3389/fmicb.2017.01179



Ophiocordyceps sinensis is a fungus that infects Hepialidae caterpillars, mummifying the larvae and producing characteristic fruiting bodies (stromata) that are processed into one of the most valued traditional Chinese medicines (TCM). The product commands a very high price due to a high demand but a very limited supply. Adulteration with other fungi is a common problem and there is a need to test preparation for the presence of the correct fungus. In the current study, a PCR-based approach for the identification of O. sinensis based on a segment of the internal transcribed spacer (ITS) region was developed. The segments is 146-bp in size and is likely to be amplified even in materials where processing led to DNA fragmentation. Primer development was based on the alignment of sequence data generated from a total of 89 samples of O. sinensis and potential adulterants as well as sequences date from 41 Ophiocordyceps species and 26 Cordyceps species available in GenBank. Tests with primer pair, DCF4/DCR4, demonstrated generation of an amplicon from DNA extracted from O. sinensis stromata, but not from extracts derived from adulterants. Species-specific primer pairs were also developed and tested for detection of the common adulterants, Cordyceps gunnii, Cordyceps cicadae, Cordyceps militaris, Cordyceps liangshanensis and Ophiocordyceps nutans. The collection of primers developed in the present study will be useful for the authentication of preparation claiming to only contain O. sinensis and for the detection of fungi used as adulterants in these preparations.
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INTRODUCTION

Ophiocordyceps sinensis (syn. Cordyceps sinensis) is an extremely rare and precious traditional Chinese medicine (TCM) with multiple medicinal values (Wang and Yao, 2011; Quan et al., 2014). This medicinal material is mainly collected in alpine regions over 4,000 m around mountain snowlines on the Tibetan Plateau, the neighboring provinces of the Tibetan autonomous prefectures and the high Himalayas (Yi et al., 2011). As reported in the New Compilation of Materia Medica, O. sinensis is beneficial to the kidney. Treatment with O. sinensis has also been claimed to have curative effects on several conditions, including erectile dysfunction, bronchial diseases, diabetes, cough and cold, jaundice (Ashok Kumar and Kailash Chandra, 2011; Sirisidthi et al., 2015). The main bioactive components found in O. sinensis are adenosine, cordycepin, cordymin, cordysinin, ergosterol, guanosine, myriocin, melanin, lovastatin, and sitosterol (Hui-Chen Lo et al., 2013). Due to strict environmental requirements, O. sinensis collected in the field is considered much more pharmacologically valuable than which obtained through culture; however, at present, most of the natural materials is collected by local farmers who do not have the expertise to differentiate between O. sinensis and related species. According to one recent study, even some of the O. sinensis materials used for study purposes may contain mycelium from other related species (Dong and Yao, 2010). The increasing rate of adulterated O. sinensis preparations not only harms consumers and the reputation of Traditional Chinese Medicine (Qin et al., 2011) but also hampers scientific research on this product.

The present identification of O. sinensis relies mostly on morphological characteristics, even though this approach has long been controversial. The genus Ophiocordyceps was officially defined by Sung et al. (2007) and Chen et al. (2013) and includes O. sinensis and similar species distributed within the alpine regions such as O. gansuënsis, O. crassispora, O. kangdingensis, O. multiaxialis, O. nepalensis, and others. It is difficult to distinguish these species morphologically (Shrestha et al., 2010) and it is even difficult to differentiate O. sinensis from the closely related adulterants, such as Cordyceps gunnii, Cordyceps cicadae, Cordyceps militaris, Cordyceps liangshanensis and Ophiocordyceps nutans. Chemical methods have also been applied to authenticate O. sinensis (Hu et al., 2015; Zhang et al., 2015); however, these method required relative large amounts of sample material. Genetic methods such as analysis of internal transcribed spacer sequences (ITS) and random amplified polymorphic DNA (RAPD)-derived molecular markers have also been used to identify O. sinensis (Lam et al., 2015). These methods have focused on detection of O. sinensis in untreated fungal material rather than processed materials where DNA degradation or fragmentation can occur (Meissner et al., 2007; Shadi et al., 2011). Therefore, in the present study, a method with specific-species primers was developed in order to increase the probability of detection of O. sinensis and common fungal adulterants even in processed samples.

MATERIALS AND METHODS

Collection of Samples and Its Sequences

A total of 89 samples of O. sinensis and its adulterants (C. gunnii, C. cicadae, C. militaris, C. liangshanensis, O. nutans) were collected from Qinghai Province, Tibet and Sichuan Province. The details of these samples are listed in Table 1. A total of 131 confirmed ITS sequences of O. sinensis were available from previous studies (Chen et al., 2001; Liu et al., 2002; Zhang et al., 2009; Xiang et al., 2014). Additionally, all the known ITS sequences of the genera, Ophiocordyceps and Cordyceps, were downloaded, and published sequences (sequences in published articles) were selected for further study.


Table 1. Information for the samples of O. sinensis and its counterfeits used in this study.
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DNA Extraction, Amplification, and Sequencing

A total of 20–30 mg stromata of specimens were rinsed with 75% ethanol and milled using a ball-milling machine (Restch, Germany). Genomic DNA was extracted from the resulting powders using a Tiangen Plant DNA Kit (Tiangen Biotech, China). The ITS regions were amplified using an LA Taq polymerase chain reaction (PCR) kit (Takara Biotech Inc.) with the universal primer pairs 5F (5′-GGAAGTAAAAGTCGTAACAAGG-3′)/4R (5′-TCCTCCGCTTATTGATATGC-3′; Li et al., 2013). The PCR mixture contained 0.1 μL of LA Taq (5 U μL−1), 2.5 μL of 10 × LA Taq PCR buffer II (Mg2+ Plus), 1 μL of dNTP mixture (2.5 mM each), 0.6 μL of each primer (10 μM), and 1 μL (~120 ng) of genomic DNA in a total volume of 25 μL. The samples were amplified using a GeneAmp® PCR system 9700 (Applied Biosystems, Foster City, CA) under the following conditions: initial denaturation at 97°C for 1 min, followed by 30 cycles of denaturation at 97°C for 1 min, annealing at 48°C for 1 min, extension at 72°C for 3 min, and a final elongation step at 72°C for 7 min (Liu et al., 2001).

Sequence Analysis and Primer Pairs Design

The sequences were edited and assembled manually using CodonCode Aligner 5.1.4 (CodonCode Co., USA). Analysis of the ITS sequences database was conducted using CodonCode Aligner software to search species-specific motifs. Potential primers were designed and analyzed using Primer 6.0 software (Glantz, 2005) according to the species-specific motifs. All of the O. sinensis ITS sequences were aligned with MEGA (Lewis et al., 2013) software to verify the specificity of the primers for DNA from O. sinensis and its adulterants (C. gunnii, C. cicadae, C. militaris, C. liangshanensis, O. nutans).

Preparation of O. sinensis Decoction and DNA Extraction

Each sample was rinsed with 75% ethanol and was then milled using a ball-milling machine (Retsch, Germany); 40 mg of each milled sample was used for the genomic DNA extraction with the Tiangen Plant DNA Kit (Tiangen Biotech, China). Sterilized O. sinensis raw materials (stroma) were boiled in 500 mL double-distilled water for 60 and 90 min. The decoction was then dried on a stove by boiling, and 40 mg of the dried decoction was used for DNA extraction with the Tiangen Plant DNA Kit (Tiangen Biotech, China).

DNA Amplification to Verify the Primer Specificity and Utility

PCR was performed on DNA extracted from O. sinensis decoctions and its adulterants. The reaction was carried out in 25 μL volumes comprised of 2 μL dNTP mixture (2.5 mmol/L), 1.0 μL primers DCF4 /DCR4 (2.5 μmol/L), 4 μL template DNA (~30 ng), 2.5 μL 10 × PCR Buffer (Tiangen Biotech, China), 8 μL Taq DNA polymerase and 6.5 μL sterilized water subject to the following conditions: initial denaturation at 94°C for 3 min, followed by 40 cycles of denaturation at 94°C for 30 s, annealing at 48°C for 30 s, extension at 72°C for 50 s, and a final elongation step at 72°C for 5 min. DNA from boiled materials was also amplified with ITS universal primer pairs to determine if the DNA was still suitable for amplification of larger sequences. PCR with DNA from adulterants was carried out is in 25-μL volumes comprised of 2 μL dNTP mixture (2.5 mmol/L), 2.0 μL primers (2.5 μmol/L), 2 μL template DNA (~30 ng), including pure DNA of adulterants and DNA mixture of O. sinensis and each target DNA for the specific primer (at a ratio of 1:1), 2.5 μL 10 × PCR Buffer (Tiangen Biotech, China), 8 μL Taq DNA polymerase and 6.5 μL sterilized water subject to the same conditions.

Amplification and Concentration Measurement of Diluted DNA

Pure O. sinensis DNA was two-fold serially diluted to different multiple to determine the minimum amount of DNA needed for production of amplicons that could be visualized by ethidium bromide staining of agarose gels.

RESULTS

Development of Unique Primers for O. sinensis

A total of 314 identified ITS sequences of O. sinensis, including 131 sequences generated in the previous study, were obtained with a length of ~500 bp after alignment; 112 published ITS sequences of 41 different species in Ophiocordyceps and 250 published ITS sequences of 26 species in Cordyceps were downloaded from the GenBank database. The search for primers specific to the fungal species of interest yielded the primer pairs listed in Table 2. The specificity of the primers DCF4/DCR4 for O. sinensis is illustrated in Figures 1A,B. There are at least 3 mismatches between the primers and the corresponding sequences from non- O. sinensis species.


Table 2. Primers of O. sinensis and its counterfeits used for PCR amplification.
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FIGURE 1. Alignment of DCF4 primer binding regions from congeners and common adulterants. (A) DCF4 binding regions from O. sinensis and other Ophiocordyceps species. (B) DCF4 binding regions of O. sinensis and other Cordyceps species.



Amplification with the Species-Specific Primers DCF4/DCR4 and Universal Primers

The DNA in decoctions boiled for 60 or 90 min was amplified with the universal primer pair 5F/4R, as shown in Figure 2, it appears that the DNA extracted from the O. sinensis decoctions was possibly too fractured or otherwise degraded by boiling for 60 or 90 min to serve as template for amplification of the ITS sequence with the universal ITS primers. In contrast, PCR with the O. sinensis-specific primer pair yielded DNA that could be visualized after gel electrophoresis. As shown in Figure 3, primers DCF4/DCR4 were also used to amplify five common adulterants (C. gunnii, C. cicadae, C. militaris, C. liangshanensis, O. nutans), and no amplification product was seen with DNA obtained from them.
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FIGURE 2. Amplification products generated with ITS universal primer pair 5F/4R and DNA from decoction and adulterants. Lane 1, pure O. sinensis DNA (~120 ng); lanes 2, 3, and 4, products from amplification of DNA (~30 ng) isolated from decoction boiled for 60 min; lanes 5, 6, and 7, amplification products from DNA (~30 ng) isolated from decoction boiled for 90 min; results for amplification with pure DNA (~30 ng) from C. liangshanensis (lanes 8–9), C. militaris (lanes 10-11), O. nutans (lanes 12–13), C. gunnii (lanes 14–15) and C. cicadae (lanes 16–17).




[image: image]

FIGURE 3. Results of PCR with primers DCF4/DCR4 with DNA isolated from decoction and adulterants. Lane 1, pure O. sinensis DNA (~120 ng); lanes 2, 3, and 4, amplification products from DNA (~30 ng) isolated from O. sinensis decoction boiled for 60 min; lanes 5, 6, and 7, amplification products from DNA (~30 ng) isolated from decoction boiled for 90 min; lanes 8, 9, 10, 11, and 12, results of PCR with pure DNA (~30 ng) isolated from adulterants C. liangshanensis, C. militaris, O. nutans, C. gunnii, and C. cicadae, respectively.



Amplification with Specific Primers for Five Common Adulterants

In order to judge whether the sample were adulterated, five specific primer pairs (CCF/CCR, CGF/CGR, CMF/CMR, ONF/ONR, and CLF/CLR) for common adulterants were designed respectively, according to the conserved motifs obtained by aligning the ITS sequences of the targeted species. As shown in Figure 4, lanes 3, 7, 11, 15, and 19, none of the primers amplified DNA from O. sinensis, but they generated PCR products isolated from their respective target organism and in mixtures of O. sinensis and target organism DNA. We artificially mixed the DNA of O. sinensis and its adulterants, visual PCR products were obtained with each primer pair for each targeted species, as shown in Figure 4. The results showed that the method is suitable for the identification of the mixture of O. sinensis and its adulterants.
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FIGURE 4. Ampification results for PCR with primer pairs CCF/CCR, CGF/CGR, CMF/CMR, ONF/ONR, and CLF/CLR. CCF/CCR (lane 1–4), CGF/CGR (lane 5–8), CMF/CMR (lane 9–12), ONF/ONR (lane 13–16), CLF/CLR (lane 17–20); lane1, 5, 9, 13, and 17, pure DNA isolated from targeted species (C. cicadae, C. gunnii, C. militaris, O. nutans, and C. liangshanensis, respectively); lane 2, 6, 10, 14, and 18, mixture of DNA isolated from O. sinensis and the targeted species (C. cicadae, C. gunnii, C. militaris, O. nutans, and C. liangshanensis, respectively) at a ratio of 1:1; lane 3, 7, 11, 15, and 19, pure DNA of O. sinensis; lane 4, 8, 12, 16, and 20, negative control.



Sensitivity of the PCR Method

To determine suitable concentration of DNA, the pure O. sinensis DNA was two-fold serially diluted to different ratio, from two to six times. Within the scope of dilution times from two to four, the amplification result of diluted DNA showed no obvious difference, as shown in Figure 5, ~8 ng of purified O. sinensis DNA in a 25-μL reaction volume were necessary for a band of the PCR products from primers DCF4/DCR4 to be visible in an ethidium bromide-stained gel.
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FIGURE 5. Amplification products generated with primer pair, DCF4/DCR4, and decreasing amount of O. sinensis DNA. Lane 1–6: Products generated in a 25-μL reaction mixture with ~120, 60, 30, 15, 8, and 4 ng of O. sinensis DNA.



DISCUSSION

O. sinensis has a long history of use as a traditional medicine in China. Due to over exploitation in the past decades, O. sinensis has been listed as an endangered species. Naturally produced O. sinensis is worth more than gold and because of this high value, adulterants have emerged frequently in recent years, which leads to market instability and a decline in consumer confidence.

DNA-based identification has become important for the identification of medical plants (Ali et al., 2014) as this technique is convenient, generally accurate and usable by people without taxonomic knowledge. The ITS sequence has been recently selected as the official marker for fugal genetic identification by the Consortium for the Barcode of Life (Das and Deb, 2015). ITS sequences amplification was used to identify fungi from soils or water as an environmental DNA barcode (Bellemain et al., 2010). Dentinger et al. compared the suitability of cytochrome oxidase subunit I (CO1) gene and ITS sequences for mushrooms and fern allies identification and determined that ITS-based identification is superior (Dentinger et al., 2011). Our previous study focused on the identification of raw O. sinensis materials based on ITS sequences (Xiang et al., 2014); however, the suitability for use with processed TCMs was not determined. The current study demonstrated that it is possible to apply PCR-based methodology to determine the presence of O. sinensis DNA in TCMs. Therefore, in another previous study, we proposed a mini-barcoding technique using short barcodes with a relatively high identification specificity for TCM (Liu et al., 2016), demonstrating immediate relevance to both science, industry and consumers. Further studies on mini-barcoding for the identification of TCM are necessary and beneficial. Although ITS sequences are commonly used to identify fungi, the requirement for relatively intact DNA to obtain complete ITS amplicons can make this approach difficult when DNA is extracted from processed samples whose DNA might have been degraded. We hypothesized that amplification of shorter regions of ITS might be possible with DNA from processed samples since Lo et al. were able to amplify a 88-bp fragment from TCM material after it had been boiled for 120 min (Lo et al., 2015). The present study also showed that a 146-bp fragment could be amplified from DNA extracted from processed O. sinensis samples, whereas amplification of the entire ITS region was not possible. For the first time, a specific primer pair is proposed and is proved to be a very efficient tool for the identification of O. sinensis and its adulterants.

The specificity of this primer pair, allows authentication of O. sinensis materials by PCR and amplicon detection along without the need for sequencing. Therefore, analysis times and costs are reduced. The assays can potentially be further simplified and expedited by utilizing isothermal recombinase polymerase amplification and an amplicon detection method that does not involve gel electrophoresis (Del Río et al., 2014). The application of the O. sinensis-specific primer pair along with the five primer pairs targeting DNA from common adulterants should allow determining if a sample said to only contain O. sinensis actually also, or exclusively, contains adulterants added inadvertently or deliberately.

CONCLUSION

In this study, a species-specific primer pair that amplifies a 146-bp sequence unique to the ITS region of O. sinensis was established. Besides that, five specific primer pairs for common adulterated species were also established. The method developed in this study provides users with an easy authentication method and may make a major contribution to the detection of counterfeit products of O. sinensis in the markets. In conclusion, this method can greatly expand the molecular identification of DNA-degraded materials and result in the rapid authentication of O. sinensis and its common adulterants among all its congeners with high accuracy, specificity and low cost.
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Unknown, China (market)
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Primer Species ion Primer Sequences (§-3')  Amplicon

name size
DCF4 O, sinensis Forward  AGTTACCACTCCCAAACC 146
DCR4 O, sinensis Reverse  TGCTTGCTTCTIGACTGA 146
CCF  C. cicadae Forward ~ TTACAACTCCCAACCCTTC 209
CCR  C. cicadae Reverse  GATGCCAGAACCAAGAGAT 209
CGF  C. gunnii Forward ~ TACCTATACTGTTGCTTCGG 203
CGR  C.gunni Reverse ~ GATGCCAGAACCAAGAGAT 203
CMF  C.miltaris Forward ~ TGAACATACCTATCGTTGCT 167
CMR  Cmiltaris Reverse  ATGCCAGAGCCAAGAGAT 167
ONF 0. nutans Forward ~ AACTCTCGAATTCTCTGTGA 205
ONR 0. nutans Reverse  GCAATTCGCATTACTTATCG 205

CLF  C.langshanensis Forward ~CAGCGGAGGGATCATTAG 219
CLR  C.langshanensis Reverse ~GATGCCAGAACCAAGAGA 219
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