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Amplicon-Seq Kits

T E C H N I C A L  N O T E

Metagenomics Studies of 
Plant-associated Microbial 
Communities

Minimize Reads Lost to Chloroplast 16S rRNA to Enhance Bacterial 
Identification in Plant-associated Samples

Metagenomics is the study of genetic material of microorganisms found in samples from a specific 
environment, including parts of the body. In the natural environment, the microbiome is studied as 
it exists as part of a complex community of plants, animals, and the environment. Examples include 
environmental metagenomics studies in ocean beds or soil samples for agricultural utility. There is 
also great interest in studying the human microbiome, the full collection of genetic material from 
microorganisms, as it has an impact on the host immune system, endocrine system, as well digestion 
and/or metabolism. For example, the impact of the analysis of gut microbiome can be relevant 
in uncovering new opportunities for diagnosis, prognosis, and treatment of a variety of human 
diseases in clinical research.

The introduction of next-generation sequencing (NGS) has given researchers the ability to profile 
communities and microbial populations in complex samples with proper sensitivity for culture-free 
identification of bacteria. 16S ribosomal RNA (rRNA) sequencing is a targeted and cost-effective NGS 
approach that compares different species of bacteria present in a given sample. 16S rRNA serves as 
a robust gene marker for genus and species identification of bacteria and archaea in the study of 
phylogeny and taxonomy of samples. The speed, economy, and reliable performance of NGS using 
amplicon sequencing can be appreciated using the PerkinElmer® NEXTFLEX® 16S series of amplicon 
kits (V1-V3, V3-V4, V4, V5-V6) for its streamlined workflow, availability of up to 384 barcodes, and 
automation on the PerkinElmer® Sciclone® NGS and NGSx workstations.

For research use only. Not for use in diagnostic procedures.

Figure 1. Schematic representation of targets covered by the various NEXTFLEX® 16S 
series of amplicon-seq kits for metagenomics studies. 
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Within the NEXTFLEX® 16S series of 
amplicon kits, the V5-V6 amplicon-seq 
library prep kit is optimized for profiling 
bacteria in plants or samples potentially 
contaminated/in contact with plant 
DNA. Plant-associated samples can be 
challenging to obtain good quality data 
due to the homology that exists between 
bacterial 16S rRNA and chloroplast 16S 
rRNA, so assays that also amplify the 16S 
hypervariable regions V1-V4 will amplify 
both bacterial and plant 16S rRNA genes 
to generate non-usable reads that align 
to plant and skew results.

Study Plan

To investigate the utility of the NEXTFLEX® 16S V5-V6 amplicon-seq kit in profiling bacteria associated with plant samples, 
genomes from 19 individual species of bacteria were pooled equimolarly and used as the standard sample for a mock community. 
This pool was then divided, and aliquots intentionally contaminated with 0%, 10%, 50% or 90% A. thaliana genomic DNA. 
Libraries were then prepared in triplicate per the kit protocol using either the NEXTFLEX® 16S V4 amplicon-seq kit or the 
NEXTFLEX® 16S V5-V6 amplicon-seq kit, sequenced on an Illumina® MiSeq® instrument as a 2x300 run at a target depth of 
100,000 reads per sample. Cutadapt 1.9.1 was used to trim the paired-end reads before aligning to the reference using Bowtie 
2.2.6. The reference was composed of the 16S sequences of the known community members or the A. thaliana chloroplast 
genome. Lastly, Samtools 1.3.1 was used to sort and index BAM alignments followed with Samtools idxstats to count the number 
of reads mapped to each contig in the reference.

Workflow Overview

Figure 2. Performance comparison of the NEXTFLEX® 16S V1-V3, V4, V3-V4, V5-V6 amplicon-seq reagents 
using ABRF MGRG Class I gDNA Standards as inputs, in triplicate, sequenced on an Illumina® Miseq® 2x300 
run targeting 200K reads per sample, and aligned to references for each community using Bowtie 2™ aligner. 

Figure 3. NEXTFLEX® 16S V5-V6 Amplicon-Seq Workflow. Gene-specific primers with an overlap to NEXTFLEX® barcoded primers amplify the V5-V6 hypervariable 
regions of bacterial genomic DNA; these PCR products are bead-purified before being barcoded and amplified in a second PCR step. The resulting product undergoes 
a second bead clean up and is ready for quantitation and qualification for sequencing. Other NEXTFLEX® 16S series of amplicon panels work in a similar manner.  
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Results

Even in the presence of up to 90% Arabidopsis DNA, the 16S V5-V6 amplicon-seq kit is effective in identifying the 19 individual 
species of bacteria in the mock community. The 16S V5-V6 primers show minimal cross-reactivity to plant chloroplast DNA after 
alignment analysis is performed. In contrast, a near linear trend of decreasing alignment to the reference bacterial 16S rRNA 
sequence and converse increasing alignment to the A. thaliana chloroplast genome is observed with the 16S V4 primers, which 
indicates that contaminating DNA is being just as effectively amplified by the 16S V4 primer set (Figure 4). Therefore, the 16S 
V4-specific primers that is used to enrich the same contaminated poo, loses the majority of reads to the Arabidopsis chloroplast 
genome as expected, and as a consequence, much of the identity and representation of the bacterial community is lost.

Similarly, though both V4 and V5-V6 primers shows strengths 
and weaknesses in the quantitation of particular species in 
the community, the 16S V4 severely under-represents certain 
species and skews the overall average of all observed/expected 
representation as the % plant contamination increases  
compared to the 16S V5-V6 primers that maintains the overall 
average observed/expected representation at 1.90-1.91 at all 
contamination conditions (Figure 5A, 5B).

The 16S V4 primer set, in short, is severely impacted by 
plant DNA while the V5-V6 set is minimally affected when 
comparing the difference in relative alignment; in other 
words, reads are lost and lost unevenly with assays that 
include the 16S V4 primer set in the presence of significant 
plant contamination. Therefore, from sample to sample 
within an environmental sample set that may be plant 
contaminated, a semi-quantitative comparison for bacterial 
representation can best be attained using the NEXTFLEX® 
16S V5-V6 amplicon-seq primers.

Figure 4. Percentage of reads aligned to mock bacterial community in the 
presence of contaminating plant DNA using either the 16S V4 primer set 
or 16S V5-V6 primer set. 

Figure 5. Representation of members in the mock community using (A) 16S V4 reagents and (B) 16S V5-V6 reagents. For the 16S V4 amplicon-seq results, substantial 
under-representation can be observed for Actinomyces and Staphylococcus aureus at all contamination levels, but at 90% plant gDNA, all species are affected significantly. 
Overall observed to expected read rate ratios are 1.94, 1.7, 1.03, and 0.35 at 0%, 10%, 50%, and 90% contamination, respectively. For 16S V5-V6 amplicon-seq results, 
some under-representation and over-representation is observed as well. Increasing amounts of plant contamination show very little effect on representation of the 
bacterial species, and the observed/expected read rates are between 1.90-1.91 at all % contamination levels.
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Summary

With this study, targeted sequencing methods such as the NEXTFLEX® 16S V5-V6 amplicon-seq kit are shown to more accurately 
preserve community representation and robustly identify members of a microbial community for environmental samples that may 
contain contaminating plant DNA. The NEXTFLEX® 16S V5-V6 amplicon-seq kit delivers the highest number of reads on-target to the 
bacterial community when compared to assays that include primer sets for 16S V4 regions by minimizing the loss of sequencing data 
due to cross-reactivity to the plants’ chloroplast 16S rRNA DNA.


