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Introduction 

To focus on diversity of soil biota, both microbiological and ecological aspects are important in 

understanding ecosystem functioning and soil processes, but these rarely meet because of 

doubling the work and costs. This can be overcome by spiking approach that was developed for 

Bacteria in clinical environment. High-throughput sequencing reveals the proportion of spikes 

along with proportions of real taxa, providing a proxy for absolute quantity of the targeted 

taxonomic group. Given the high precision of spiking-based biomass experiments in Bacteria, we 

intend to develop a universal spiking molecule for all Bacteria, Fungi, Oomycota, Archaea based 

on 16S, 18S, ITS, 28S and COI barcodes. 

The reproducibility of 16S-seq across independent investigations have been documented to be 

relatively poor. Reduces confidence in 16S-seq data reliability and complicating meta-analysis of 

independently generated datasets. This is mainly due the wide range of experimental variables 

that may introduce bias at all steps of a typical 16S-seq workflow, including sample storage, 

nucleic acid extraction, primer choice, polymerase chain reaction (PCR) amplification, 

sequencing platform, read data processing, and analysis. 

Abstract 

In researches on soil biota, focus on both biomass and diversity can be overcome by spiking 

approach that already has been developed for bacteria in clinical environment. Spiking represents 

supplementing precise quantity of artificial DNA molecules with specific primer sites (the spikes) 

to DNA extraction along with the sample, so that any extraction artefacts apply to both the 

original DNA and spike. High-throughput sequencing reveals the proportion of spikes along with 

proportions of real taxa, providing a proxy for absolute quantity of the targeted taxonomic group. 

Given the high precision of spiking-based biomass experiments in Bacteria, we intend to develop 

a universal spiking molecule for all Bacteria, Fungi, Oomycota, Archaea based on 16S, 18S, ITS, 

28S and also COI (Cytochrome C Oxidase I) barcodes                                                                    . 

Since PCR-based approaches for identification of microorganisms and soil biota are problematic 

when there is a high quantity of non-target DNA -especially in case of biotic interactions- which 

leads to low data recovery and considering that the commonly used taxon-specific primers almost 

always discriminate against certain in-group lineages, we propose to elaborate specific blocking 

primers based on animal parasite studies, that disable amplification of host DNA (plants, animals, 

fungi) and use this in global studies of plant endophytic fungi. 
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An important limitation of current 16S-seq procedures is that only relative abundance data are 

generated, by expressing taxon abundances as proportions of total reads. Interpretation of 

microbial community dynamics based on solely relative abundances can however be misleading 

because fluctuations in the absolute abundance of one species may cause an apparent change in 

the measured (relative) abundance of other species. 

A pressing need exists for novel tools that allow routine and comprehensive quality control of 

the entire measurement procedure, from sample processing to data analysis; which in this work, 

we implemented a set of synthetic 16S rRNA genes to serve as universal spike-in standards for 

16S-seq experiments. 

Terminology: 

1) Mock community 

A defined mixture of microbial cells and/or viruses or nucleic acid molecules created in vitro to 

simulate the composition of a microbiome sample or the nucleic acid isolated therefrom (Fig. 1). 

2) 16S-seq 

High-throughput sequencing of 16S rRNA gene amplicons (16S-seq) has become a widely 

deployed method for profiling complex microbial communities but technical pitfalls related to 

data reliability and quantification remain to be fully addressed. High-throughput sequencing of 

16S rRNA gene amplicons (16S-seq) permits efficient characterization of tens to hundreds of 

microbiota in a single sequencing run. 

3) Spike-in 

An RNA spike-in is an RNA transcript of known sequence and quantity used to calibrate 

measurements in RNA hybridization assays, such as DNA microarray experiments, RT-qPCR, 

and RNA-Seq. A spike-in is designed to bind to a DNA molecule with a matching sequence, 

known as a control probe. This process of specific binding is called hybridization. A known 

quantity of RNA spike-in is mixed with the experiment sample during preparation. The degree of 

hybridization between the spike-ins and the control probes is used to normalize the hybridization 

measurements of the sample RNA (Fig. 2) 

 

 
 

 

 

 

 

 
 

 
 

Fig. 1. An example of a mock community (S. B. Busi et al; 2020) 
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The spike-ins represent full-length 16S rRNA genes containing artificial variable regions with 

negligible identity to known nucleotide sequences, permitting unambiguous identification of 

spike-in sequences in 16S-seq read data from any microbiome sample. 

 

 
 
 

 

 

 

 

 

 

Fig. 2. The procedure of using Spike-in (Website of MiRXES Co.) 

Spike-in controls are added directly to the sample(s) under investigation and hence better assess 

measurement performance and data. Enumeration of spike-in reads can be used for absolute 

quantification or read count normalization. The strategy was recently demonstrated for 

quantifying total 16S rRNA gene abundances in soil (Smets, W. et al, 2016) and adjustment of 

read counts to total microbial loads (Stammler, F., 2016). 

Material and Methods 
Spike-ins consisted of conserved regions identical to those of selected natural 16S rRNA genes 

and artificial variable regions (a set of random sequences ∼2000 bp in length which have no 

repeats exceeding 16 bp. 

We also designed 9 blocking primers as the other aim of this research project to prevent plant 

and bacterial fragments and everything except fungal DNAs (unpublished). Another important 

step was preparation of spike-in standards. Furthermore, we performed routine related 

procedures: Environmental samples and DNA extraction, PCR, amplicon library preparation and 

high-throughput sequencing, Illumina read data processing and analysis, downstream data 

analysis, generated data files were imported into the R statistical computing environment and 

finally all raw data will be deposited in the sequence read archive on NCBI. 

Results 
We first evaluated the ability of commonly used PCR primers targeting the selected regions of 

the 16S rRNA gene to amplify the spike-in standards and also performed several Agarose gel 

electrophoresis which showed a single band of the expected size for all spike-ins and primer 

combinations (Fig. 3). 
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Fig. 3: UV image of an Agarose gel electrophoresis test (this work) 

Regarding the blocking primers, Illumina sequencing revealed that most of them (8 out of 9) 

worked properly and helped to get rid of producing useless data (sequences of all species except 

fungi) up to 80 percent. 

Using defined mock communities and environmental microbiota, the performance of the spike-in 

standards been characterized and their utility for evaluating data quality on a per-sample basis 

has been demonstrated. Furthermore, it has been showed that staggered spike-in mixtures added 

at the point of DNA extraction enable concurrent estimation of absolute microbial abundances 

suitable for comparative analysis. Results also underscored that template-specific Illumina 

sequencing artifacts may probably lead to biases in the perceived abundance of certain taxa. 

 

Conclusion 
The results of our research showed that the use of blocking primers can significantly prevent the 

production of additional useless data and reduce the time and resources spent in the study of 

specific biological groups such as fungi in leaf and soil samples. 

Synthetic spike-in standards have been developed and implemented as a novel tool for advancing 

16S-seq, owing to their unique variable regions and naturally occurring conserved regions. These 

spike-ins can be applied to any types of microbiome sample and are compatible with common 

PCR primers targeting different regions of the 16S rRNA gene. 

Since most researchers use PCR-based approaches for identification of microorganisms and soil 

biota, these methods can be problematic when there is a high quantity of non-target DNA, 

especially in case of biotic interactions, which leads to low data recovery. The commonly used 

taxon-specific primers almost always discriminate against certain in-group lineages. Based on 

animal parasite studies, we propose to elaborate specific blocking primers that disable 

amplification of host DNA (plants, animals, fungi) and use this in global surveys.  
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