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Abstract
Pleurotus eryngii is a kind of edible fungi with good quality, and it is popular among consumers. At
present, some adulterated wild edible fungi are available in the market. The rights and interests of
consumers can be ensured by establishing a practical edible fungi detection system. Among the existing
methods for detecting food adulteration, endogenous reference gene ampli�cation is convenient and
reliable. However, no ideal endogenous reference gene is available for P. eryngii. In this study, s9ap was
screened as an endogenous reference gene through sequence alignment. Qualitative and quantitative
PCR analysis of this gene was carried out in one P. eryngii variety and 18 other species. The detection
limit of quantitative PCR was 400 pg, and no s9ap ampli�cation products were detected in the 18 other
species. This study con�rmed that s9ap was an ideal endogenous reference gene for the detection of P.
eryngii. This method was also suitable for processed food products.

Introduction
Pleurotus eryngii is an edible mushroom, which is widely cultivated throughout the world; it is also known
as king trumpet mushroom or king oyster mushroom (Li et al., 2018), which belongs to basidio mycotina,
hymenomycetes, homobasidiomycetidae, agaricales, pleurotaceae and pleurotus. P. eryngii has high
nutritional value, and it contains important bioactive constituents, such as polysaccharides, polyphenols,
sterols, dietary �ber, and proteins. It also contains a large amount of vitamins and minerals (Stajic et al.,
2009). In addition, P. eryngii has many medicinal functions, including immunoregulatory (Vetvicka et al.,
2019), hepatoprotective (Xu et al., 2017), antihyperlipidemic (Ren et al., 2017), antioxidant (A. Zhang et
al., 2014), antiphlogistic (Yuan et al., 2017), and antitumor (Sun et al., 2017). Recent studies con�rm the
antidepressant function of P. eryngii extract (Park et al., 2021).

P. eryngii is named for its rich almond-like �avor and delicious abalone-like taste. In recent years, it has
become increasingly popular among consumers (B. Zhang et al., 2020). Therefore, with the development
of technology and the progress of food processing, the adulteration of many precious edible fungi is
produced accordingly. Edible mushroom adulteration is a kind of behavior that harms the rights and
interests of consumers. The rights and interests of consumers can be ensurednd, and a good market
atmosphere can be created by establishing a practical detection method of P. eryngii.

Many methods can be used to identify mushrooms, and the most traditional method is morphological
identi�cation (Carvalho et al., 2014), which is based on the observation of the shape and color of the
fruiting bodies and the characteristics of spores. However, this method mainly involves a subjective
judgment. Hence, it cannot ensure the accuracy of the detection results. Considering that most of the
processed products of edible fungi no longer have the original morphological characteristics and are
more di�cult to identify, it is only suitable for the detection of intact fresh mushrooms rather than
processed products (Shan et al., 2019). Edible fungi can also be identi�ed by odor, by using electronic
nose technology (Pei et al., 2016), or combining with gas chromatography-mass spectrometry technology
to identify speci�c �avor compounds, which has the advantages of sensitivity and speed (Yang et al.,



Page 3/11

2016). Current studies have focused on the volatile components of edible fungi. By studying the
differences between the volatile components of different edible fungi, it can provide chemical
components indicators for the identi�cation of edible fungi (Huang et al., 2018). Tagkouli, D et al.
(Tagkouli et al., 2021) studied the volatile characteristics of P. eryngii and Pleurotus ostreatus strains, and
the results showed that ketones, alcohols, and toluene were the main components that distinguish P.
ostreatus, while aldehydes and fatty acid methyl esters were the main components that distinguish P.
eryngii. However, these methods are not applicable for the identi�cation of the processed products of
edible fungi. Edible fungi contain a large amount of protein and polysaccharide, and each edible fungus
has a unique compound pro�le. With the development of spectrum, chromatography, mass spectrometry,
and analytical chemistry, physical and chemical detection method, such as the analysis of characteristic
protein or characteristic compounds, are gradually emerging. El Karkouri et al. (El Karkouri et al., 2019)
�rst applied MALDI-TOF-MS technology to identify tru�es, which can reliably identify species and detect
incorrectly identi�ed specimens in commercial tru�es. However, the procedures are somewhat
complicated and their application to various groups of mushrooms is rather limited (Sugawara et al.,
2016).

Molecular biology technology is widely used in species identi�cation (Ye et al., 2020). Molecular
recognition technology has been introduced because it is fast, speci�c, sensitive, and accurate (Guglielmo
et al., 2008). Considering that the genetic material is stable, molecular methods can be used to identify
edible fungi and their processed products. The commonly used molecular markers include simple
sequence repeats (SSR), inter SSR (ISSR), random ampli�ed polymorphic DNA (RAPD), restriction
fragment length polymorphism (RFLP), and sequence characterized ampli�ed regions. These molecular
markers are highly polymorphic and have been widely used in the genetic studies of edible fungi (Nazrul
and Bian, 2010), which can accurately identify edible fungi species. ISSR (Wang et al., 2012) and RAPD
(Ro et al., 2007) have been used to identify P. eryngii. Other molecular biotechnologies include genome
sequencing, which identi�es edible fungi by sequencing speci�c DNA fragments. The commonly used
gene fragments for classi�cation and identi�cation of fungi include: ribosome internal transcribed spacer
(ITS), ribosome large subunit, RNA polymerase II (RNA polymerase II, RPB2), β-micro tube protein (β-
tubulin), and elongation factor 1-α (EF1-α). Xiao-lan et al. (Xiao-Lan et al., 2016) analyzed the ITS, EF1-α,
and RPB2 sequences of Bailinggu, P. eryngii, and P. nebrodensis. These three DNA fragment sequences
can be used to distinguish three different species of edible fungi. With the development of rapid detection
technology, isothermal ampli�cation technology has also been used in the identi�cation of edible fungi
(Vaagt et al., 2013).

Endogenous reference gene analysis is broadly applied in food component source authentication and for
the qualitative and quantitative evaluation of food samples. Endogenous reference gene is a conserved
DNA sequence with species speci�city, constant copy number and no allelic variation (Shang et al.,
2014). Endogenous reference gene of a speci�c species is a speci�c marker that can distinguish this
species from other species (Shang et al., 2014). This method is convenient and economical, and it is a
reliable and rapid choice for identifying wild species (Zheng et al., 2018). The identi�cation of
endogenous reference gene is mainly applied to crops, such as peach (Shang et al., 2014), wheat (Liu et
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al., 2014), canola (Demeke and Ratnayaka, 2008), maize (James et al., 2003), and soybean (James et al.,
2003). In recent years, it has been developed for the detection of mushrooms. It has been used to detect
Tricholoma matsutake (Shan et al., 2019), P. ostreatus (Zheng et al., 2018), and Flammulina velutipes (C.
Zhang et al.).

Endogenous reference genes of different species have been reported. The endogenous reference gene for
P. eryngii has not been reported. In the present study, s9ap was selected as the endogenous reference
gene of P. eryngii by gene sequence alignment and blast analysis. Qualitative and quantitative PCR
primers were designed for this gene, and the primers were veri�ed and screened. The detection limit of
SYBR quantitative PCR was 400 pg. The results show that s9ap gene was suitable for the detection of P.
eryngii, and the speci�city and detection limit both are good. The endogenous reference gene detection
technology was an effective detection technology for wild mushroom adulteration.

Materials And Methods
Materials

Nineteen species of mushrooms were obtained from the local wild fungus market in Yunnan, including:
Boletus auripes, P. ostreatus, Boletus brunneissimus, Lactarius volemus, Boletus brunneissimus,
Thelephora ganbajun, Cantharellus cibarius, T. matsutake, Boletus rubellus, Boletus griseus, Russula
vinosa, Boletus subsplendidus, Termitornyces albuminosus, Catathelasma ventricosum, Ramaria
botrytoides, Lentinus edodes, Agrocybe aegerita, P. eryngii, and Tricholoma gambosum.

DNA extraction and puri�cation
The genomic DNA was extracted from fresh mushrooms by using a kit methods (Sangon, Shanghai,
China). The mushroom fruiting bodies were �rst mixed with an equal amount of silica, ground into a
powder with liquid nitrogen, and then extracted according to the kit instructions. The concentration and
purity of all DNA samples were measured using Nano Drop2000 spectrophotometer (Thermo Scienti�c,
Waltham, USA). The DNA integrity of the samples was veri�ed by 1% agarose gel electrophoresis with
ethidium bromide in 1× TAE buffer. DNA was ampli�ed with universal fungi 18S primer, and the products
were analyzed with 2% agarose gel electrophoresis with ethidium bromide in 1× TAE buffer. The DNA was
stored at 4°C for further use.

Oligonucleotide primers

All oligonucleotide primers used in this study were designed using ABI Prism Primer Express version 3.0
(Applied Biosystems, Foster City, USA) and synthesized by Shanghai Sangon Co. Ltd. (Shanghai, China).
The designed primers were analyzed by BLAST alignment in NCBI to ensure the speci�city. SBRY
�uorescent dye kit was obtained from Tiangen Biochemical Technology Co. Ltd. (Tiangen, Beijing, China).
18S rDNA-F/R primers were used to evaluate DNA quality, and s9ap-F/R primer was used for the
qualitative and quantitative PCR detection of s9ap gene. The detailed nucleotide sequences of the
primers are listed in Table 1.
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Table 1
Primers used in qualitative and quantitative PCR.

Primer name Primer sequence (5’→3’) Length Product size(bp) Reference

ITS-F TCCGTAGGTGAACCTGCGG 19 675bp This study

ITS-R TCCTCCGCTTATTGATATGC

s9ap-F TGTCACGTCAACTGGGTTATT 21 332bp

s9ap-R AGGATCAGTCACTTTCCACATC 22

PCR conditions

The �nal volume of conventional PCR reaction was 25 µL as determined using ABI SimpliAmp thermal
cycler (Applied Biosystems, USA). A single reaction system contained 2.5 µL of 10×buffer, 2 µL of dNTP
(2.5 mM), 1 µL of forward primer (10 µM), 1 µL of reverse primer (10 µM), 0.2 µL of Taq DNA polymerase
(5 units; TaKaRa Biotechnology Co. Ltd., Dalian, China), 2 µL of DNA template, and balance ddH2O.

The PCR procedure for 18S ampli�cation is as follows: 5 min of pre-denaturation at 95°C; 30 cycles: 30 s
of predenaturation at 95°C, 30 s of annealing at 58°C, 30 s of extension at 72°C; and a �nal extension of
10 min at 72°C. The ampli�cation products were analyzed by 2% agarose gel electrophoresis. The
ampli�cation procedure of the speci�c primer s9ap was the same as that of 18S except that the
annealing temperature was 60°C.

The quantitative detection sensitivity of s9ap was performed using SYBR Green I real-time quantitative
PCR ampli�cation. The total reaction volume was 25 µL, containing 5 µL DNA (40 ng/µL), 0.75 µL of
primers (10 µM), 12.5 µL of 2×SuperReal PreMix Plus, 2.5 µL of 50×ROX reference dye (Tiagen, Beijing,
China), balance ddH2O. The ampli�cation procedure was as follows: pre-denaturation (95°C, 15 min); 40
cycles: denaturation (95°C, 10 s), annealing (60°C, 20 s), and extension (72°C, 30 s). The samples of each
biological replicate were quanti�ed and repeated for three times.

Results And Discussion
Selection of the candidate P. eryngii endogenous reference gene

The selection of appropriate endogenous reference gene can result in the accurate and practical detection
of P. eryngii. A good endogenous reference gene should be species-speci�c, with low and consistent
interspeci�c copy numbers. In the nucleotide database of NCBI, the gene information of P. eryngii was
searched. Through BLAST alignment and homology analysis, the s9ap gene for serine aminopeptidase
(accession number: AB918644) with the lowest homogeneity with the sequences of the non-P. eryngii
species was �nally screened out as the alternative endogenous reference genes to be identi�ed. The
BLAST result and detailed information of s9ap are provided in Fig. S1. According to the gene sequence,
species-speci�c primers were designed for qualitative and quantitative PCR.
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Species speci�city of the qualitative PCR assays

We extracted the DNA of 19 mushroom species as templates, including: B. auripes, P. ostreatus, B.
brunneissimus, L. volemus, B. brunneissimus, T. ganbajun, C. cibarius, T. matsutake, B. rubellus, B.
griseus, R. vinosa, B. subsplendidus, T. albuminosus, C. ventricosum, R. botrytoides, L. edodes, A. aegerita,
P. eryngii, T. gambosum (Fig. 1), and 18S rDNA-F/R primers were used to detect the quality of the
extracted DNA (Fig. 2). 

The species speci�city of s9ap gene in P. eryngii was qualitatively identi�ed by conventional PCR
ampli�cation by using s9ap-F/R primers. The results showed that s9ap gene was successfully ampli�ed
in P. eryngii genomic DNA with obvious bands, while the other mushroom species had no ampli�cation
products, indicating that s9ap gene had high species speci�city for P. eryngii (Fig. 3).

Sensitivity of the qualitative and SYBR Green I real-time quantitative PCR assays

To detect the sensitivity of qualitative PCR, we gradient diluted the DNA concentrations from 15 ng/μL to
0.96 pg/μL (�ve-fold serial dilutions) for ampli�cation. The results showed that when the DNA
concentrations were 15 and 3 ng/μL, clear speci�c bands were observed on the electrophoretic diagram,
and their brightness gradually decreased. However, when the DNA concentration was reduced to 0.6 ng/
μL, no ampli�cation products were detected. Therefore, the detection limit of qualitative PCR was 3 ng/μL
(Fig. 4a).

For the sensitivity of SYBR Green I real-time quantitative PCR, the genomic DNA concentrations were
gradient diluted to 40, 4, 0.4, 0.08, and 0.016 ng/μL. When the DNA concentration was 80 pg/μL, speci�c
ampli�cation could still occur, and the CT value was signi�cantly higher than that of the negative control,
indicating that the detection limit of SYBR Green I quantitative PCR was 80 pg/μL (Fig. 4b). We
established a standard curve of s9ap by using the quantitative PCR system. A linear relationship (R2 =
0.98, slope = −0.732) was determined between the DNA quantities and Ct values (Fig. 4c). These results
indicate that the established s9ap SYBR Green I real-time PCR system was suitable for the accurate
quantitative detection of P. eryngii.

Application of s9ap to examine different processed mushroom products

The established real-time PCR system was used to detect two kinds of mushroom products, namely,
Fansaoguang (yexiangjun) and spicy P. eryngii. The DNA extracted from fresh P. eryngii was used as a
positive control to ensure the practical use of s9ap. We ampli�ed the DNA templates extracted from food
samples with s9ap-F/R in conventional PCR (Fig. 5). Based on the results, no component of P. eryngii was
observed in Fansaoguang (yexiangjun), but it could be detected in the spicy P. eryngii. The detection
result was consistent with the food labels of the processed products.

The results indicated that a set of qualitative and quantitative PCR method was established for the
detection of P. eryngii. This method has the advantages of high sensitivity, high speci�city, simple
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operation, low cost, and easy observation of results. It has a good development prospect for the rapid
biological source detection of P. eryngii and its deep-processed products.

Conclusion
We selected s9ap gene as the candidate endogenous reference gene of P. eryngii, and the speci�city and
sensitivity of s9ap gene were evaluated. The results indicated that a set of qualitative and quantitative
PCR method was established for the detection of P. eryngii. This method has the advantages of high
sensitivity, high speci�city, simple operation, low cost, and easy observation of results. It has a good
development prospect for the rapid biological source detection of P. eryngii and its deep-processed
products.
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Figures

Figure 1

The electrophoresis pro�le of genomic DNA extracted from the 19 tested species of mushrooms. M: DNA
Marker DL 2000; (a) 1-2: B. auripes; 3-4: P. ostreatus; 5-6: B. brunneissimus; 7-8: L. volemus; 9-10: B.
brunneissimus; 11-12: T. ganbajun; 13-14: C. cibarius; 15-16: T. matsutake; 17-18: B. rubellus; 19–20: B.
griseus; 21–22: R. vinosa; 23-24: B. subsplendidus; (b) 25-26: T. albuminosus; 27-28: C. ventricosum; 29-
30: R. botrytoides; 31-32: L. edodes; 33-34: A. aegerita; 35-36: P. eryngii; 37-38: T. gambosum.

Figure 2

The electrophoresis pro�le of the PCR products ampli�ed by 18S primers. M: DNA Marker DL 2000; 0:
Negative control; (a) 1-2: B. auripes; 3-4: P. ostreatus; 5-6: B. brunneissimus; 7-8: L. volemus; 9-10: B.
brunneissimus; 11-12: T. ganbajun; 13-14: C. cibarius; 15-16: T. matsutake; 17-18: B. rubellus; 19–20: B.
griseus; 21–22: R. vinosa; (b) 23-24: B. subsplendidus; 25-26: T. albuminosus; 27-28: C. ventricosum; 29-
30: R. botrytoides; 31-32: L. edodes; 33-34: A. aegerita; 35-36: P. eryngii; 37-38: T. gambosum.

Figure 3

The speci�city detection results of the qualitative PCR. M: DNA Marker DL 2000; 0: Negative control; (a) 1-
2: B. auripes; 3-4: P. ostreatus; 5-6: B. brunneissimus; 7-8: L. volemus; 9-10: B. brunneissimus; 11-12: T.
ganbajun; 13-14: C. cibarius; 15-16: T. matsutake; 17-18: B. rubellus; 19–20: B. griseus; 21–22: R. vinosa;
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(b) 23-24: B. subsplendidus; 25-26: T. albuminosus; 27-28: C. ventricosum; 29-30: R. botrytoides; 31-32: L.
edodes; 33-34: A. aegerita; 35-36: P. eryngii; 37-38: T. gambosum.

Figure 4

Sensitivity of the s9ap gene detection in qualitative and SYBR Green I real-time quantitative PCR. (a) The
sensitivity of the qualitative PCR. The �nal content of DNA in each lane is: 0: Negative control; 1-2: 30 ng;
3-4: 6 ng; 5-6: 1.2 ng; 7-8: 0.24 ng; 9-10: 48 pg; 11-12: 9.6 pg; 13-14: 1.92 pg. (b) The sensitivity of the
quantitative PCR. The �nal content of DNA in each reaction is: 1: 200 ng; 2: 20 ng; 3: 2 ng; 4: 0.4ng; 5: 80
pg. (c) The standard curve of the quantitative PCR.

Figure 5

Application of s9ap to detect different processed P. eryngii products. 1: Negative control; 2: Positive
control; 3-4: Spicy P. eryngii; 5-6: Fansaoguang (yexiangjun).
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