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1. General background 

1.1 Objectives 

This protocol provides a comprehensive guide for obtaining biodiversity data from soil 

samples. It includes detailed steps of the laboratory workflow, from the handling of frozen soil, 

through DNA extraction, primer selection for amplification of target regions, and purification 

steps. Additionally, it specifies the sequencing platforms to be used and the initial bioinformatic 

tools required to convert raw sequencing data into Amplicon Sequence Variants (ASVs) or 

Operational Taxonomic Units (OTUs) tables. The protocol also specifies the databases used 

to carry out taxonomic assignment of the sequencing data and databases used to infer 

functional guilds. 

Adherence to the best practices outlined in this protocol ensures the accuracy and reliability 

of biodiversity data derived from soil samples. The resulting data will enable the assessment 

and analysis of the diversity and richness of microorganisms, mesofauna, and macrofauna 

present in soil, providing valuable insights into soil edaphic community dynamics and 

ecological functions in the context of WILDCARD. 

This protocol is composed of two parts: Protocol A and Protocol B. Protocol A is implemented 

by ETHZ on mineral soil samples belonging to WP2 and WP3 WILDCARD work packages 

and focuses on the study of soil microbial communities, including fungi and bacteria. Protocol 

B is used by EV-INBO on mineral soil and forest floor samples belonging to WP2 (HIS 

selection), and aims at studying the soil mesofauna and macrofauna, including Annelida and 

Arthropoda. 

2. Protocol A _ Microbial community 

2.1 DNA Extraction  

1. Homogenisation of the soil samples 

• Starting material: 20g of frozen soil in 50 ml falcon tubes 

• Transfer the frozen soil in sterile Ziplock bags. Gently crush soil clumps with a pestle 

through the bag while maintaining the sample frozen. Mix well by kneading the bag 

• Using a sterile spatula, transfer approximately 5 g of the homogenized soil into a 

another small sterile Ziplock bag. Return the remaining soil to the original Falcon tube 

and store it at –20 °C 

• Freeze-dry the subsample for 48 h. 

• Transfer 250 mg of the freeze-dried soil into a PowerBead Tube (provided in the 

Qiagen Powersoil Pro Kit, QIAGEN GmbH, Hilden, Germany)  

 

2. DNA extraction from soil following Qiagen Powersoil Pro Kit  

DNA extraction is carried out using the QIAcube Connect Device (QIAGEN) automated 

system in combination with FastPrep (FastPrep-24™ 5G, MP Biomedical, Santa Ana, 

USA). 

Cell Lysis: 

https://www.qiagen.com/us/products/discovery-and-translational-research/dna-rna-purification/instruments-equipment/qiacube-connect?catno=9002864
https://www.mpbio.com/ch/fastprep-24-5g-instrument?srsltid=AfmBOopyAxck8nbrCnb1i64tGVt1fuHlh1iVml5qfw5KCImm564tOqFe
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• Samples are mechanically lysed using the FastPrep-24™ 5G instrument (program: 

Soil sample: two cycles of 30s at 5.5 m/sec speed with 60s pause time in between 

cycles) to ensure efficient disruption of microbial cells 

Automated lysate clarification and DNA purification: 

• Lysed samples are centrifuged, and the supernatant is transferred into the QIAcube 

rotor adaptors prepared with spin columns and elution tubes according to the 

manufacturer’s setup instructions 

• DNA extraction and purification are performed on the QIAcube Connect using the 

DNeasy PowerSoil Pro IRT protocol. The resulting DNA is collected in 1.5 mL elution 

tubes. 

• DNA quantity and purity for each sample is measured by next generation Uv/Vis 

Spectrophotometry with the Qiaxpert (Qiagen, Hilden, Germany) 

• DNA extracts are stored at –20 °C until further use 

For more information see DNeasy PowerSoil Pro Kit and DNeasy PowerSoil Pro QIAcube Kit 

2.2 Library preparation 

Library preparation will include two PCR amplification steps (see Annex 1) 

• Normalisation of DNA extracts to 10 ng.ul-1 using QIAgility handling station (Qiagen). 

 

PCR step 1 

• Amplification of DNA extracts (40 ul) in technical triplicates using region of interest-

specific primers (see Annex 2) with attached overhang adapters  

o Fungi - ITS3ngs / ITS4ngs 

Cycles: initial denaturation 95°C x 3 min; 35 cycles of denaturation 95°C x 40 

sec, primers annealing 58°C x 40 sec, elongation 72°C x 1 min; final elongation 

72°C x 10 min 

o Bacteria - 341f/806r 

Cycles: initial denaturation 95°C x 3 min; 30 cycles of denaturation 95°C x 40 

sec, annealing 58°C x 40 sec, elongation 72°C x 1 min; final elongation 72°C x 

10 min 

• Verification of amplification via capillary electrophoresis using aliquots if 10 ul, carried 

out with the QIAxcel Advanced system with the QIAxcel DNA Screening Kit (QIAGEN) 

• Pooling of triplicates upon confirmation that the amplicons were similar between 

replicates and amplicons were consistently produced 

 

PCR step 2:  

• Attachment of unique dual indices and Illumina sequencing adapters to the pooled 

PCR products (2 ul) using the Nextera XT Index Kit (Illumina, Inc, USA) 

• Cycles: initial denaturation 95°C x 3 min; 8 cycles of denaturation 95°C x 40 sec, 

annealing 55°C x 15 sec, elongation 72°C x 2 min; final elongation 72°C x 5 min 

• Purification of PCR products using Sera-Mag Select Beads (GE Cytiva Europa Gmbh) 

and quantification using Qiaxpert  

• Quantification of PCR products and pooling in equimolar ratios using the QIAgility 

(QIAGEN) 

 

https://www.qiagen.com/us/products/discovery-and-translational-research/dna-rna-purification/dna-purification/microbial-dna/dneasy-powersoil-pro-kit
https://www.qiagen.com/us/products/discovery-and-translational-research/dna-rna-purification/dna-purification/microbial-dna/dneasy-powersoil-pro-kit?catno=47126
https://emea.illumina.com/products/by-type/sequencing-kits/library-prep-kits/nextera-xt-dna.html
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2.3 Sequencing 

Sequencing is performed on the Illumina NextSeq2000 platform, PE300 (2x300 bp 

paired-end), with spiking PhiX at 30% and using a NextSeq 1000/2000 P1 reagent 

cartridge 600 cycles combined with NextSeq 1000/2000 P1 Flow cell (Illumina Inc.). 

Expected output: 60 Gb per run. 

 

2.4 Bioinformatics 

The microbial sequence data will be processed using a customized pipeline largely based on 

VSEARCH (Rognes et al. 2016) as previously described by Longepierre et al. (2021). 

• Trim PCR primers using CUTADAPT (Martin, 2011), allowing one mismatch. 

• Remove PhiX contamination by mapping reads to the PhiX genome (NC_001422.1) 

with Bowtie2 (Langmead and Salzberg 2012). 

• Merge paired-end reads with fastq_mergepairs (VSEARCH). 

• Quality-filter reads using fastq_filter (VSEARCH) with max expected error = 1. 

• Dereplicate sequences using derep_fulllength (VSEARCH). 

• Generate ASVs with the UNOISE algorithm (VSEARCH) using alpha = 2 and minsize 

= 4. 

• Remove chimeras using UCHIME2 (uchime3_denovo in VSEARCH) (R. Edgar 

2016b). 

• Verify ribosomal sequences with Metaxa2 (16S) (Bengtsson-Palme et al., 2015) and 

ITSx (ITS2) (Bengtsson-Palme et al., 2013); discard unsupported sequences. 

• Create ASV table by mapping filtered reads back to verified ASVs using 

usearch_global (VSEARCH) with min identity = 97% and settings: maxrejects = 100, 

maxaccepts = 0, maxhits = 1. 

• Assign taxonomy with the SINTAX algorithm (R. Edgar 2016a) against SILVA v132 

(16S) (Pruesse et al. 2007) and UNITE v7.2 (ITS2) (Abarenkov et al., 2010), using 

bootstrap cutoff = 0.8. 

• Remove non-target ASVs, including those unassigned to bacteria/archaea/fungi and 

sequences assigned to organelles (chloroplasts, mitochondria). 

• Functional guilds inference using PICRUSt2 (Douglas et al., 2020) for bacteria and 

FUNGuild (Nguyen et al., 2016) for fungi 
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2.5 Annex Protocol A 

Annex 1 | example of Amplicon Workflow adapted from Illuminasupport.com 

 

Annex 2 | Information on the region of interest-specific primers 

 

 

 

 

 

 

Group Primers Sequence Amplicon 
size (bp) 

Target 
region 

Reference 

 

F
u

n
g

i 

ITS3ngs 5’-CANCGATGAAGAACGYRG-3’ 300-500 ITS2 Tedersoo and 
Lindahl, 2016 

ITS4ngs 5’-CCTSCSCTTANTDATATGC-3’ 

 

B
a
c

te
ri

a
 

341f 5’– -CCTAYGGGDBGCWSCAG-3’ 440-467 V4 region: 
16S SSU 

Frey et al., 2016 

806r 5’- GGACTACNVGGGTHTCTAAT -3’ 
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3. Protocol B _ Mesofauna and macrofauna community 

3.1 DNA Extraction  

• Starting material: 20g of frozen soil and 20g of forest floor; 

• DNA extraction with DNeasy Powersoil Pro kit (Qiagen) according to the 

manufacturer’s instructions, with a pre-treatment using phosphate buffer to focus on 

extracellular DNA (eDNA) (Taberlet et al. 2012). 

o 27 mL of freshly prepared phosphate buffer (Na₂HPO₄; 0.12 M; pH ≈ 8) is 

added to the soil sample and to the forest floor sample.  

o After homogenizing the mixtures for 30 minutes on an overhead rotator, a 1 mL 

aliquot of the supernatant is collected in triplicate and centrifuged for 10 

minutes at 10,000 rcf.  

o From the resulting supernatant, 500 µL is used for DNA extraction with the 

DNeasy Powersoil Pro kit (Qiagen) according to the manufacturer’s 

instructions, omitting the lysis step.  

o Following DNA extraction, equal volumes of each replicate are pooled for each 

soil sample and for each forest floor sample. 

3.2 Library preparation 

Library preparation with 1-step PCR  

• PCR: amplify DNA samples in triplicate using specific primers as detailed in Annex 3 

During primer design, inline index sequences (of variable length) are attached to each 

primer, resulting in a unique dual-matched indexing for each sample. This approach 

reduces sample misassignment during read demultiplexing.  

• Pooling per sample: equal volumes of each PCR replicate are pooled per sample. 

• Verification of amplification is performed using 2% agarose gel electrophoresis, followed 

by concentration measurement using the Quantus kit (Promega). 

• Equimolar pooling: pooled PCR triplicates are pooled equimolarly to one pool to minimize 

potential biases. 

• PCR clean-up: Pooled PCR products will be purified using Agencourt AMPure XP beads 

(Beckman Coulter Inc.) according to the manufacturer’s instructions, using a 1.6× bead-

to-DNA ratio.   

3.3 Sequencing 

• Arthropoda and Annelida (fwhF2 - Terr_EPTDr2n): Illumina NovaSeq X Plus 2x150 bp 

3.4 Bioinformatics 

• Inspect raw paired-end reads with FastQC (Andrews, 2010) and MultiQC to evaluate base 

quality, read-length distributions and adapter/primer content. 

• Demultiplex reads and trim primers using cutadapt (Martin, 2011), retaining only reads 

starting with an exact barcode, allowing up to 15% primer mismatches (--error-rate 0.15), 

and discarding reads without detectable primers (--discard-untrimmed). 

• Merge paired-end reads with VSEARCH (fastq_mergepairs; Rognes et al., 2016), 

requiring a minimum of 10 bp overlap. 
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• Quality-filter merged reads with VSEARCH (fastq_filter), using a maximum expected error 

of 1. 

• Select reads within the expected amplicon length (132–152 bp) for downstream clustering. 

• Cluster reads into OTUs using SWARM (Mahé et al., 2021) with --differences 1 and --

fastidious to generate high-resolution molecular OTUs. 

• Curate OTUs with MuMu (Mahé, 2023) to merge highly similar and co-occurring clusters 

and produce a refined OTU set and OTU table for downstream analyses. 

• Perform taxonomic assignment by running SINTAX (Edgar, 2016) using the default 0.8 

confidence threshold with both the BOLD (Ratnasingham et al., 2007) and MIDORI2 

(Leray et al., 2022) reference databases. Compare classifications at all taxonomic ranks, 

and resolve any mismatches or low-confidence assignments with BLAST (Altschul et al., 

1990) against the GenBank nucleotide (nt) database before confirming final names 

through GBIF. 

 

3.5 Annex Protocol B 

Annex 3 | information on the region of interest-specific primers 

Group Primers Sequence Amplicon 
size 

Target region Reference 

A
rt

h
ro

p
o

d
a

 a
n

d
 A

n
n

e
li
d

a
 

fwhF2 5’-
GGDACWGGWTGAACWGTWT

AYCCHCC-3’ 

132-152 bp COI gene Perrelet et al., 
2025  

Terr_EPT
Dr2n 

5’-
CAAACAAATARDGGDATTYKD

TC-3’ 
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