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experienced a drastic reduction in the wild populations due to intensive snail control measures as part
of the intensive campaign to eliminate and permanently interrupt transmission of the disease [17].
The same is observed in some subspecies of O. hupensis in China, where intensive mollusciciding and
physical environmental modification are still practiced [18].

7. Materials and Methods

7.1. Soil Sampling, Malacological Survey, and Mapping of Snail Sites

Soil sampling was conducted in January 2019 in schistosomiasis-endemic areas in Purok (zone) 3
and Purok 5 of Barangay (village) Tapel and Purok 4 of Barangay Magrafil in Gonzaga, Cagayan from
actual snail sites (ASS) and potential snail sites (PSS). ASS are places with snails confirmed through the
intensive malacological survey in which at least one hour was spent searching for snails. The PSS sites
were established as two quadrats at one-meter distance to the left and right of ASS with the confirmed
absence of snails by the malacological survey (Figure 6A).

A 

B 

Figure 6. (A) Established ASS and PSS in one sampling area; (B) Overall sampling points and soil
samples in barangay Tapel and Magrafil.
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Overall, there were nine sampling areas (Figures 2B and 6A): three in Purok 3, Tapel; two in Purok
5, Tapel; and four in Purok 4, Magrafil, with nine ASS sampling points and 18 PSS sampling points
for a total of 27 (Figure 6A,B). In each sampling point, three replicates of soil samples were collected
accounting to a total of 81 soil samples (Figure 6B). The GPS coordinates of all sampling points of ASS
and PSS, whether positive or negative to O. hupensis quadrasi eDNA, were also recorded and mapped
(Figure 4).

To perform the malacological survey, five people were involved. Sites with actual snails were
screened by intensively searching for live O. hupensis quadrasi. Appropriate protective clothing such as
knee-level boots and gloves were used. Snails were collected with the use of forceps and were stored
in properly labeled plastic cups. Photographs and GPS coordinates using a portable GPS device (Etrex
H, Garmin) were taken and recorded for each of the established snail sites and were mapped using
qGIS 3.6.0 (Figure 2B).

Soil samples were taken at a depth of approximately 10 cm. For each ASS and PSS sites, triplicate
soil samples of about 60 g were collected and placed separately in properly labeled polyethylene
bags (size 8” × 10”) for eDNA extraction. Another 500 g sample of soil was set aside from each
sampling area (Tuguegarao, Cagayan Valley, and Capas, Tarlac) for soil quality analysis. During the
soil collection, the trowel used for each site was rinsed with a 10% bleach solution after every sampling
to prevent cross-contamination. Shoulder-length gloves were used in soil collection to avoid exposure
to the parasite.

7.2. Storage of Soil Samples and Measurement of Edaphic Factors

The soil samples were transported to the Oven Room, KA Building of the University of the
Philippines Baguio for further processing. Samples were oven-dried at ~40 ◦C for about two weeks.
Dried soil samples were submitted to the Department of Agriculture Region II and III Soils Laboratory
for analyses of soil pH, phosphorus (P), potassium (K), zinc (Zn), copper (Cu), manganese (Mn),
and iron (Fe), organic matter (OM), organic carbon (OC), and calcium (Ca). Soil temperature was
measured in situ at the time of collection using a portable thermometer.

7.3. eDNA Extraction from Soil and Nanodrop Spectrophotometry

Eighty-one samples weighing 60 grams each were collected and allotted for eDNA extraction.
Each sample was placed in a separate 500 mL sterile beaker, whereupon distilled water was added to
create a suspension solution. Fifteen mL from the suspension was immediately subsampled into a
50 mL sterile conical centrifuge tube containing 33 mL of absolute ethanol and 15 mL of 3 M sodium
acetate for preservation. The resulting suspension solutions were then stored in a cooler (approximately
0 ◦C) and were transported to the DNA Barcoding Laboratory at the Institute of Biology Laboratory
in UP Diliman for eDNA extraction. The samples were thawed, homogenized, and centrifuged at
8500 rpm for 30 min. The supernatant was discarded and the sediments were homogenized and
collected from the centrifuge tube. Sediment of 0.25 g was added to the Lysing Matrix E tube and
subsequently subjected to the eDNA extraction protocol of the FastDNA® SPIN Kit for Soil (MP
Biomedicals Europe). Extracted eDNA samples were then subjected to spectrophotometry using
Nanodrop 2000 (Thermo Scientific) to check for any contamination and DNA purity. The extracted
DNA samples were then stored at −20 ◦C until use.

7.4. Detection via Conventional PCR and qPCR

Each of the 81 extracted eDNA was tested in triplicates using conventional PCR and qPCR to
determine the presence of O. hupensis quadrasi eDNA. The specific primers and probe to O. hupensis
quadrasi were designed manually by the alignment of cytochrome c oxidase subunit 1 gene sequences
of O. h. quadrasi, other Oncomelania subspecies, and related taxa from other gastropod species from the
families Planorbidae, Ampullariidae, Neritidae, Achatinidae, and Thiaridae. The designed primers
and probe sequences were then searched against the nucleotide sequence database using BLAST to
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examine other potential targets. A 187 base pair fragment of cox1 was targeted using the forward
primer OhqCOX1_22-41aF (GCATGTGAGCGGGGCTAGTA) and reverse primer OhqCOX1_189-209aR
(AAGCGGAACCAATCAGTTGCC). Positive controls containing pure cox1 gene of O. hupensis quadrasi
were used to validate the qPCR setting and primer pair design whereas a negative control without
the template was utilized to check for any contamination. For conventional PCR, a 12.50 μL reaction
volume per sample was prepared by mixing 7.2 μL of RNase/DNase-free polymerase chain reaction
(PCR) grade water (Ambion, Thermo Scientific), 2.5 μL 10X PCR Buffer, 0.64 μL 2.5 mM dNTP mix,
0.25 μL 25 mM MgCl2, 0.38 μL μmol each of forward and reverse primers, 0.06 μL 5 U/μL Taq
Polymerase (Takara-Clontech), and 1.0 μL of DNA extract with at least 35 ng/μL concentration. PCR
was performed in T100™ Thermal Cycler. PCR conditions were the following: 95 ◦C for initial
denaturation for 30 s, 95 ◦C for denaturation for 5 s, and 60 ◦C for annealing for 30 s for 50 cycles.
PCR products were visualized in a 2% agarose gel (Vivantis Technologies Sdn Bhd) dissolved in 0.5X
TBE and stained with 1% ethidium bromide (EtBr) run for 30 mins in 100 v in a horizontal AGE
apparatus. O. hupensis quadrasi eDNA was also targeted through TaqMan-quantitative real-time PCR
using TaqMan System technology in an Applied Biosystems 2720 Thermal Cycler Dice® Real-Time
System II (TP 900). The forward and reverse primers used in the conventional PCR were also used.
A 10 μL master mix was prepared by mixing 5.5 μL TaqMan Environmental Master Mix (EMM),
1.01 μL of each forward and reverse primers, 0.28 μL TaqMan custom probe (OhqCOX1_67-86P
5’-FAM-GTGCAGAGTTAGGTCAGTCCT-MGB-NFQ-3’), and 2.95 μL of extracted O. h. quadrasi eDNA.
Samples were then transferred onto well plates and subjected under the following thermal cycling
parameters: 95 ◦C for AmpliTaq Gold®, UP enzyme (DNA polymerase) activation under 10 min, 95 ◦C
for denaturation for 15 s, and 60 ◦C for annealing under 1 min, repeated for 40 cycles (Supplementary
Material Figure S1).

7.5. Statistical Analysis

Soil factors and eDNA recovery in all actual and potential snail sites and sampling points were
correlated using Pearson’s Correlation available in the SPSS (Statistical Package for the Social Sciences)
software v. 16. Pearson’s correlation was utilized to determine the possible linear association between
the two variables [soil factor and eDNA detection probability (number of eDNA positive readings in
qPCR for a sample)].

Supplementary Materials: The following are available online at http://www.mdpi.com/2076-0817/8/4/160/s1,
Table S1. Malacological survey and conventional Polymerase Chain Reaction (PCR) and TaqMan-quantitative
Polymerase Chain Reaction (qPCR) readings of the number of detected environmental DNA (eDNA). (Legend: T-
Tapel, S1-Sampling Point Number, PSS1- Potential Snail Site Number, R1-Replicate Number, ASS2- Actual Snail
Site Number, M- Magrafil). Table S2. qPCR of O. hupensis quadrasi eDNA in barangay Tapel and barangay Magrafil
with corresponding Ct (cycle threshold values) and Ct threshold. Table S3. Edaphic factors of all soil samples in
Barangay Tapel and Magrafil. Figure S1. TaqMan qPCR amplification plots of O. hupensis quadrasi, showing cycle
threshold (Ct) levels as indicated by the blue horizontal line; the positive control is indicated by the pink line. The
positive result is indicated by amplifications exceeding the threshold line. Each color represents a single sample.
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