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Abstract: Conserving aquatic ecosystems requires efficient tools to accurately assess the biodiversity
of aquatic species. However, existing knowledge is insufficient in terms of the reliability and the
comparability of methods measuring fish diversity. Environmental DNA (eDNA), as a promising
method, was used to detect fish taxa in this study. We optimized the eDNA method in the laboratory,
and applied the optimal eDNA method to survey fish diversity in a natural aquatic life reserve. We
simulated necessary steps of the eDNA method in the lab to increase the confidence of the field
survey. Specifically, we compared different eDNA sampling, extraction, and sequencing strategies for
accurately capturing fish species of the target area. We found that 1L water samples were sufficient
for sampling eDNA information of the majority taxa. The filtration was more effective than the
centrifugal precipitation for the eDNA extraction. The cloning sequencing was better than the high-
throughput sequencing. The field survey showed that the Shannon–Wiener diversity index of fish
taxa was the highest in Huairou Reservoir. The diversity index also showed seasonal changes. The
accuracy rate of detecting fish taxa was positively correlated with the eDNA concentration. This
study provides a scientific reference for an application of the eDNA method in terms of surveying
and estimating the biodiversity of aquatic species.

Keywords: environmental DNA; method optimization; Shannon–Wiener diversity; seasonal differ-
ences; aquatic ecosystems

1. Introduction

A sharp decline of biodiversity has been one of the most critical challenges all over
the world since the 20th century [1]. Worldwide species extinction rate during this period
exceeds that of prehuman periods [2,3]. This severely threatens the sustainability of
ecosystems and human health [1,4]. Specifically, in aquatic ecosystems, a rapid decrease of
fish diversity is one of the major problems in the management of fishery resources. The
decrease is caused by overfishing, water pollution, habitat degradation, genetic pollution,
climate change, and invasive species [5–7]. Therefore, it is necessary to take effective
measures of fish protection. These measures are based on detailed information of fish
distribution and population characteristics, as well as the physiological characteristics and
ecological niche of different fish. However, due to the complexity of aquatic ecosystems
and the diversity of fish migration routes [8], it is extremely difficult for an accurate
assessment of fish diversity. Traditional methods of investigating fish diversity, such as
trawling, seining, electric fishing [9], underwater acoustic [10], and visual methods, may
underestimate fish diversity, since some rare fishes, e.g., endangered species and invasive
taxa, are extremely difficult to detect [11,12].

In terms of the abovementioned issues, environmental DNA (eDNA) provides an
alternative way of detecting various types of fish. The application of the eDNA method
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in freshwater ecosystems started in 2008, through the way of detecting the existence of
American bullfrogs in a pond [13]. After that, the eDNA method was increasingly used for
monitoring aquatic macro-organisms in both freshwater and marine environments [14].
This method is highly efficient, accurate, and nondestructive [12]. The eDNA method is
defined as the sum of DNA fragments directly extracted from environmental components,
like soil, sediments, or water. The DNA fragments contain the intracellular genetic material
released into water by biological cells, and the extracellular DNA released into water after
cell structure lysis or death [15]. The eDNA method is based on metagenomics and DNA
sequencing technology. DNA fragments extracted from environmental components are
identified by molecular biological means and specific gene detection of target fish species.
This can be used to analyze the distributional characteristics of target fish species. The
eDNA method has progressed in aspects of fish resource management, like gathering
the information of endangered fish [16,17], investigating invasive species [18], and eval-
uating fish diversity [19] and fish prey diversity [20]. Despite advantages of the eDNA
method compared to conventional fish survey methods, it should be very careful for an
interpretation of eDNA data [21].

Until now, existing knowledge is still insufficient for examining the feasibility and
the reliability of the eDNA method in terms of fish diversity survey. That is, what settings
of the eDNA method are suitable for specific regions is still not clear. Different sampling
methods, laboratory procedures, and bioinformatics were gradually improved to increase
the accuracy of the eDNA method and to promote its application in ecology and envi-
ronment [22]. Different eDNA extraction reagents result in various extraction effects and
experimental costs. These may lead to differences in the extraction efficiency of DNA
and a weak contrast among operations. The eDNA metabarcoding detected more fish
species than that captured by traditional surveys, like electrofishing [23] and underwater
visual censuses [24]. In addition, the eDNA metabarcoding was proved to be an efficient
bio-monitoring tool for surveying fish diversity, especially in regions often ignored or
difficult to access [25].

This study optimized the eDNA method through comparing different sampling
amounts, pretreatment steps, DNA extraction, DNA primers, and DNA sequencing by
controlled experiments in the laboratory. An optimized eDNA method was thereafter
applied in an aquatic reserve to assess the fish diversity. The assessment of the fish diver-
sity provides a scientific reference for improving the local species conservation list and
monitoring invasive species. The following questions were addressed: (1) What are the
optimal settings of the eDNA method in the laboratory? (2) How does the optimized eDNA
method work for the fish diversity survey in the aquatic reserve?

2. Materials and Methods
2.1. Study Area

To accurately assess the fish diversity in natural water environments, we firstly needed
to optimize the environmental DNA (eDNA) method in the laboratory. Thereafter, the
optimized eDNA method was applied in an aquatic life reserve of Beijing. We selected
the wild aquatic life reserve in Huairou district of Beijing to investigate the fish diversity.
We selected seven sampling points in and around (the upstream and the downstream) the
Huairou Reservoir (Figure 1).



Water 2021, 13, 1468 3 of 12
Water 2021, 13, x FOR PEER REVIEW 3 of 12 
 

 

 
Figure 1. The location of sampling points in an aquatic life reserve of Huairou district, Beijing. 
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light, dissolved oxygen, etc., water samples were all collected from the laboratory aquar-
ium. Before sampling, four juvenile crucian carp, commonly seen in Beijing, were raised 
in the aquarium. These carp were not fed during the experiment to ensure the purity of 
DNA. Meanwhile, it is necessary to keep the top of the laboratory aquariums sealed and 
to supply oxygen through an air pump to eliminate the interference of microorganisms 
and bacteria in the air. In addition, in order to maintain a certain concentration of DNA in 
the water, the water in the aquarium was not cleared or replaced during the experiment. 

Polypropylene (PP) jars and centrifuge tubes with sterilization were used to collect 
water. Sample sizes were divided into 15 mL, 1 L, and 2 L, respectively. Among these, 15 
mL samples were pretreated by the centrifugal precipitation method. Simultaneously, 1 L 
and 2 L samples were treated by the filtration method. Four parallel samples were col-
lected to compare different extraction methods. All samples were stored on ice until sub-
sequent processing. The following comparative experiments (Figure 2) were carried out 
under the premise of the same fish species, water quality conditions, sampling time, and 
sampling depth. 

Figure 1. The location of sampling points in an aquatic life reserve of Huairou district, Beijing.

2.2. Optimization of Environmental DNA Method in the Laboratory
2.2.1. Water Sample Collection and Processing

In order to eliminate the influence of environmental factors, such as temperature,
pH, light, dissolved oxygen, etc., water samples were all collected from the laboratory
aquarium. Before sampling, four juvenile crucian carp, commonly seen in Beijing, were
raised in the aquarium. These carp were not fed during the experiment to ensure the purity
of DNA. Meanwhile, it is necessary to keep the top of the laboratory aquariums sealed and
to supply oxygen through an air pump to eliminate the interference of microorganisms
and bacteria in the air. In addition, in order to maintain a certain concentration of DNA in
the water, the water in the aquarium was not cleared or replaced during the experiment.

Polypropylene (PP) jars and centrifuge tubes with sterilization were used to collect
water. Sample sizes were divided into 15 mL, 1 L, and 2 L, respectively. Among these,
15 mL samples were pretreated by the centrifugal precipitation method. Simultaneously,
1 L and 2 L samples were treated by the filtration method. Four parallel samples were
collected to compare different extraction methods. All samples were stored on ice until
subsequent processing. The following comparative experiments (Figure 2) were carried
out under the premise of the same fish species, water quality conditions, sampling time,
and sampling depth.
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Figure 2. The process of samples pretreatment and DNA extraction.

2.2.2. eDNA Extraction

Centrifugal precipitation method: In this experiment, the specific steps of centrifugal
precipitation method are as: using 15 mL surface water from the aquarium and 1.5 mL of
3 M sodium acetate; 33 mL anhydrous ethanol was added before mixing them well; these
were centrifuged under −20 ◦C (3000 r, 10 min), and DNA was extracted with different
kits, respectively.

Filtration method: using samples of 1 L and 2 L water from the surface of the aquarium,
we filtered and stored the filter membrane at −20 ◦C until DNA extraction was performed.
Extraction experiments were completed within 24 h. We crushed the filter membrane under
liquid nitrogen and poured all the debris into a 2 mL centrifuge tube for later use. We carried
out the DNA extraction with different kits: MoBio Power Water DNA extraction kit (MoBio
Laboratories, San Diego, CA, USA), QIAamp DNA Micro extraction kit (Qiagen, Hilden,
Germany), DNeasy Tissue and Blood DNA extraction kit (Qiagen, Germany), Quick-gDNA
spin-column kit (MoBio Laboratories, USA). Related operations were followed by the
instructions of reagents. In order to obtain a higher DNA concentration, repeated elution
was performed three times at the final elution.

The quality of each DNA extract was determined spectrophotometrically using a
Nano Drop 2000 c microspectrophotometer (Thermo Fisher Scientific., Waltham, MA, USA).
Both concentration and OD ratio were considered in the results.

2.2.3. Primer Comparison

Four pairs of primers (12s, CB, 16s and COI) were selected to find a more suitable
DNA region for fish in Beijing area (Tables 1 and A1 in Appendix A). The detailed infor-
mation of primers can be found in the Appendix A. In this part, one testing site (Jiudu,
in Figure 1) was selected and sampled. Water samples were extracted and sequenced by
clone sequencing. Firstly, we took 2 µL purified PCR products connected with carrier
pMD18-t, and transformed DH5a cells in constant 37 ◦C temperature overnight. After the
cloning, we selected 50 single colonies and verified colonies PCR with the pairs of primers
F and R. We confirmed the PCR products as the target bands by agarose gel electrophoresis
and conducted subsequent experiments. We selected 30 single colonies for overnight
expansion culture from each sample, then we extracted plasmids using TSINGKE plasmid
extraction kit, and then we sequenced them by ABI 3730 XL (ABI).
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Table 1. The sampling sites for DNA primer screening.

Number Site Location

1 Yidu River 40◦20′1′′ N, 116◦29′7′′ E
2 Sidu River 40◦20′3′′ N, 116◦28′4′′ E
3 Jiudu River 40◦20′5′′ N; 116◦29′5′′ E

2.3. Application of Optimized Environmental DNA Method in The Aquatic Reserve
2.3.1. Sampling and DNA Extraction Methods

Two parallel samples were collected at each sampling point, labeled 1-1, 1-2, 2-1, 2-2,
3-1, and 3-2, and so on. Then, the samples were filtered within 24 h through 0.45 µm
membrane. After this, the membrane filter was placed in a 2 mL centrifuge tube, which
had been sterilized, and was stored in a freezer at −20 ◦C. The Quick-gDNA spin-column
kit [26] was used for extraction and the specific steps referred to reagent instructions.

2.3.2. DNA Amplification and Sequencing

The DNA extracted and a negative ddH2O in the previous step were amplified by PCR
using 16s primer [27]. Amplicons were screened with 1% agarose gel, and the negatives
showed no bands. Only samples were sequenced by clone sequencing. The detection
results were compared with the NCBI database. PCR products were purified and recovered
using OMEGA DNA Gel extraction kit. The CPR product was sequenced using clone
sequencing as described above.

2.3.3. Quantitative Analysis of Target Fish eDNA

In order to understand the distribution and the demographic stages of fish populations
in and around the Huairou Reservoir, it is helpful for us to estimate the biomass of different
fish. To determine the relationship between detection time and biomass, Zacco platypus
and Odontobutis potamophila were selected as target fish species, to test whether there is
a correlation between the results of fluorescent quantitative PCR and check-out times of
these two species. Zacco platypus is a protected species in Beijing. Odontobutis potamophila is
considered as an invasive species. According to the results of the BLAST gene sequence,
we downloaded the full genetic sequence of Zacco platypus and Odontobutis potamophila in
the NCBI database. Primer 5.5 software was used for primers screening to obtain the upper
and lower primer fragments of the target genes. Then, DNA extraction was conducted
according to the instructions of the kit. Real-time PCR reaction system should be configured
for DNA samples with three technical replicates (Table A2).

2.3.4. Calculation of Fish Diversity

To analyze fish diversity in the field aquatic reserve, samples were collected twice
at seven sampling points in and around the Huairou Reservoir in July and November of
2017. We calculated the species richness and the diversity index. Species richness refers
to the number of biological species in the area covered by the sampling sites. Shannon–
Wiener index is widely used in the study of regional biodiversity, the calculation referred
to Equation (1) [28]. We also calculated the evenness of fish species (Equation (2)). A large
value of Shannon–Wiener diversity index indicates a high diversity level of the community
and a healthy ecosystem.

H = −
S

∑
i=1

(Pi)(log2Pi) (1)

H is Shannon–Wiener index, S is the total number of species in a community, and Pi is
the biomass ratio of the species i to the total.

E =
H

lnS
(2)
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E is evenness index, H is Shannon–Wiener index, and S is the total number of species
in a community.

3. Results and Discussion
3.1. Optimization of Environmental DNA in the Laboratory
3.1.1. DNA Concentration of Different Sampling Methods in Laboratory

As shown in Table 2, the sample obtained by the centrifugation method has high
protein concentration and low nucleic acid concentration. Therefore, the centrifugation
method is not suitable for DNA extraction. The sample obtained by DTK and QSK has
a higher DNA concentration, while the RNA concentration of QDK and MPK is higher.
Therefore, reagents DTK and QSK are the optimal extraction kits for DNA. In addition,
DNA concentrations of both DTK and QSK are high. However, the DNA concentration of
DTK is 60.7 ng/µL at the sampling of 1 L, which is close to the DNA concentration of QSK
at the sampling of 2 L (66.4 ng/µL). Given the difficulty of DNA sample preservation, it is
recommended to use QSK for sampling 2 L under laboratory conditions. However, DTK
can be used for sampling of 1 L in the field.

Table 2. The concentration of nucleic acid and the value of OD.

Number Pretreated Method Average Concentration
of Nucleic Acid (ng/µL)

Average
OD260/OD280 Main Ingredients

1 15 mL + Centrifugation + DTK 21.1 1.52 < 1.60 Protein
2 15 mL + Centrifugation + QDK 36.4 1.50 < 1.60 Protein
3 1 L + Filtration + DTK 60.7 1.60 (1.60–1.90) DNA
4 1 L + Filtration + QDK 79.3 1.96 ≥ 1.90 RNA
5 1 L + Filtration + MPK 102.8 1.90 ≥ 1.90 RNA
6 1 L + Filtration + QSK 43.4 1.61 (1.60–1.90) DNA
7 2 L + Filtration + DTK 62.1 1.61 (1.60–1.90) DNA
8 2 L + Filtration + QDK 100.2 1.93 ≥ 1.90 RNA
9 2 L + Filtration + MPK 105.7 1.93 ≥ 1.90 RNA
10 2 L + Filtration + QSK 66.4 1.60 (1.60–1.90) DNA

3.1.2. Sequencing Results of Different DNA Primers

The amplification results of COI primers only include some bacterial types, which
do not meet the purpose of the eDNA detection. Thus, the COI primer is inappropriate
for the fish diversity survey in the field. Besides, most of the sequencing structures were
heterozygous for CB primer. There is only one species (Epinephelus fuscoguttatus) in cloning
sequencing by 12s primer (Table 3). Eight species were revealed by 16s primers with
cloning sequencing. By comparing all four pairs of primers, the 16s primer is suitable to
tackle this research question.

Table 3. Sequencing results of COI, 12s, 16s primer from testing sites.

Primers Species Number of Reads

COI
Ramlibacter tataouinensis TTB310 4

Polaromonas sp. JS666 4
Acidovorax avenae subsp. ATCC 19860 11

12s Epinephelus fuscoguttatus 2
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Table 3. Cont.

Primers Species Number of Reads

16s

Rhodeus ocellatus 2
Carassius gibelio 4

Corbicula colorata 4
Tachysurus fulvidraco 1
Pseudorasbora parva 13

Sarcocheilichthys nigripinnis 1
Micropterus salmoides 1

Zacco platypus 5

To sum up, the cloning sequencing meets the needs of assessing fish diversity in field
with a low cost, but the high-throughput sequencing provides more possibilities for the
detection of unknown fish species. In addition, in the comparison of four pairs of primers,
the 16s primer was selected as the optimum DNA primer for the field study, since the 16s
primer partially covers some microscopic vertebrates in water, excluding the fish.

Nondestructive biodiversity survey methods, such as eDNA, have significant advan-
tages over traditional methods where the species have to be caught or to be disturbed
to get an authentic identification. In order to understand the differences between the
eDNA method and traditional methods, we compared the results of this study with that of
Xing et al. [28]. The sampling sites and season almost overlapped between both studies.
From March 2004 to February 2005, 10 species of the freshwater fish in Sidu River were
identified, belonging to 10 genera, 5 families, and 3 orders [28]. This finding is consistent
with that of our study. This further proves the reliability of the optimized eDNA method.

3.2. Application of Optimized Environmental DNA Method in the Aquatic Reserve
3.2.1. Fish Diversity from Trawling and eDNA Survey

In order to understand the differences between the eDNA method and trawling
methods, we compared the results of this study with those of Xing et al. [28], and with
a local record named Beijing Fish Record, published in 1984. The Beijing Fish Record was
established based on the whole city trawling survey.

A total of 29 fish species were identified by the sequencing, based on the eDNA
samples collected at seven sites in 2017. The record of fish species between 2017 and 2005
is dramatically different (Table 4). There are 16 species of Cypriniformes, accounting for
half of the total number. The species of Perciformes, Acipenseriformes, and the catfish
represent 18.75%, 12.5%, and 9.375% of the total number, respectively. There are two
species of salmon, accounting for 6.25% of the overall number. At the level of family, the
Cyprinidae accounts for the largest proportion with 14 species, accounting for 43.75% of
all the families. Sturgeon is the second largest, accounting for 12.5% of the total species.
For the species of Cyprinidae, gobio has the largest number of species, occupying 35.71%.
In addition, Zacco platypus is the most frequently detected fish in the study area, with a
detection number of 58. The species Odontobutis potamophila is detected for the first time in
Beijing area and is classified as a suspected invasive species.

Table 4. Species detected and recorded by eDNA in 2017, trawling survey in 2005, and Beijing Fish Record in 1984 (P is a
positive record, N is a negative record). The list of fish species was created by combining the three resources. For eDNA
survey, species were identified using BLAST.

Detected Species eDNA (2017) Trawling (2005) Beijing Fish Record (1984)

Abbottina obtusirostris 2 P N
Abbottina rivularis 1 P P

Acheilognathus chankaensis 2 P N
Acipenser gueldenstaedtii 24 N N
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Table 4. Cont.

Detected Species eDNA (2017) Trawling (2005) Beijing Fish Record (1984)

Acipenser mikadoi 2 N N
Acipenser fulvescens 21 N N
Acipenser schrenckii 11 N N

Carassius gibelio 30 N P
Channa argus 2 N P

Ctenopharyngodon idella 1 N P
Culter erythropterus 2 N P

Cyprinus carpio 1 N P
Hypomesus olidus 2 P (identified in genus level) N

Hypophthalmichthys sp. 48 N P
Micropercops swinhonis 8 N N

Misgurnus sp. 5 N P
Misgurnus anguillicaudatus 1 P P

Odontobutis potamophila 4 N N
Oncorhynchus mykiss 7 P P
Oreochromis aureus 1 N P

Pelteobafrus fulvidraco 1 N P
Pseudobagrus ussuriensis 1 N N

Pseudorasbora parva 15 P P
Rhinogobius giurinus 4 P N

Rhodeus sp. 11 P N
Sarcocheilichthys nigripinnis 2 P P

Silurus sp. 3 N N
Squalidus gracilis 1 N N

Zacco platypus 58 P N

3.2.2. Fish Diversity

The species richness of fish in July is the highest in the site Taoyu, followed by Huairou
Reservoir, Qinjia Dongzhuang Village, and Red’s Zhuang Village, and the lowest in the
West Sidu River (Figure 3a). The species richness in November is still the highest in the site
Taoyu, followed by Huairou Reservoir, and the lowest in Qinjia Dongzhuang Village. The
species richness in July is significantly higher than that in November, except for West Sidu
River. This is attributed to a migration of fish with a decreased temperature.

The Shannon–Wiener diversity index in July is higher than that in November, apart
from in West Sidu River (Figure 3b). The highest value of the index in July is in Huairou
Reservoir, with a value of 2.5, followed by Qinjia Dongzhuang Village and Red’s Zhuang
Village near the entrance of the river, with the values of 2.2 and 2.0, respectively. The
diversity index of Taoyu is 1.7, and the lowest value is 1.2 in West Sidu River. In November,
the highest value of the diversity index appears in Huairou Reservoir, followed by Taoyu.
The lowest value is in Qinjia Dongzhuang Village, since only one fish species was found
near the entrance of the river and the diversity index is 0. In addition, the evenness index
also shows seasonal variations (Figure 3c).
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3.2.3. Quantitative Analysis of Target Fish eDNA

The relationship between eDNA concentrations and the detected reads of Zacco platy-
pus by cloning sequencing is shown in Figure 4. The high coefficient (R2 = 0.97, p < 0.05)
shows that eDNA concentrations correlate with reads of Zacco platypus. The coefficient R
square of the fitted line is 0.95 (p < 0.05), indicating similar correlations appear in Odon-
tobutis potamophila. It can be inferred that the number of reads is positively correlated to
the DNA concentration of the species in water samples. However, due to fewer clones
and without repeated experiments for a verification, a specific linear equation cannot
be determined.
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aquatic species. In addition, we suggest that the eDNA method and traditional methods 
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Figure 4. The correlation between detected time using cloning sequencing and DNA copies of two species: (a) Zacco platypus;
(b) Odontobutis potamophila.
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4. Conclusions

Adopting the environmental DNA (eDNA) method is beneficial for improving the
reliability of fish diversity surveys. We firstly simulated necessary steps of the eDNA
method in the laboratory through controlled experiments and obtained the optimized
settings. Under the same extraction conditions, the DN easy Tissue and Blood DNA extrac-
tion kit has the highest concentration and purity of DNA. The DNA purity of the extracts
obtained by the filtration method is higher than the centrifugal precipitation method. The
sampling amount of 1 L is enough to capture eDNA information of the majority fish taxa.
High-throughput sequencing provides more possibilities for the detection of unknown
fish species, but clonal sequencing can meet the needs of fish diversity survey with low
costs. The 16s primer was considered as the most effective primer for evaluating the fish
diversity. These results highlight the necessity of optimizing the eDNA method based
on regional characteristics and study objectives. However, data generated during the
procedure of optimizing the eDNA method should be interpreted cautiously. Moreover,
quantifying effects of environmental factors (e.g., temperature and water quality) on the
optimization of the eDNA should be addressed in future researches. The optimized eDNA
method was thereafter applied in an aquatic life reserve of Beijing. The results show that
there are 29 fish species. The fish species are mainly composed of Cypriniformes and
Perciformes. The Shannon–Wiener diversity index of the fish species is the highest in the
Huairou Reservoir. Moreover, the diversity index shows seasonal changes. The accuracy
rate of detecting fish taxa is positively correlated with the eDNA concentration, based on
an evaluation of the fish species Zacco platypus and Odontobutis potamophila. This study
provides valuable data for the local fish gene pool, and demonstrates the reliability and
high efficiency of the eDNA method in surveying and estimating the biodiversity of aquatic
species. In addition, we suggest that the eDNA method and traditional methods of fish
survey should be complementary. This allows us to obtain detailed information about
demographic and morphologic characteristic of fish species.
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Appendix A

Table A1. Primer pairs name, sequence, and amplicon length.

Primer Sequence Fragment Length Reference

12S_30F 5′-CACTGAAGMTGYTAAGAYG-3′ 700 bp [29]12S_1380R 5′-CTKGCTAAATCATGATGC-3′

Fish2degCBF 5′-ACAACTTCACCCCTGCRAAY-3′ 540 bp [30]Fish2CBR 5′-GATGGCGTAGGCAAATAGGA-3′

16sF 5′-CGCCTGTTTATCAAAAACAT-3′ 600 bp [31]16sR 5′-CCGGTCTGAACTCAGATCACGT-3′

COIF 5′-TTCTCCACCAACCACAARGAYATYGG-3′ 608 bp [32]COIR 5′-CACCTCAGGGTGTCCGAARAAYCARAA-3′
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Table A2. The primers detected by real-time PCR.

Primer Primer Sequences (5′ to 3′)

AB741878.1 forward primer AACATCGCCTCCTGCAAC
AB741878.1 reverse primer GTTTAGCCATTCATACAGGTCTC
KF305680.1 forward primer ATTGATCTACCCGTGCAGAAG
KF305680.1 reverse primer AGGGTAACTCGGTCCGTTG
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