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ABSTRACT

Plant microbiomes are responsible for the growth, health, nutrition, and resistance to biotic and abiotic stress. Moreover, some plant
microbiome members, especially the Enterobacteriaceae family, can act as human pathogens. In recent years, metagenomic analysis of
amplified 16S rRNA gene sequenced on Illumina second generation sequencers became the most widely used method for bacterial
microbiome studies. The 16S r RNA gene of the bacterium is phylogenetically similar to the 16S genes of chloroplasts and mitochondria
since they have common prokaryotic ancestors. Thus, plant microbiome analysis is affected by unwanted non-target chloroplast and
mitochondrial sequences. The solution to this contamination uses specially designed primer pairs that exclude chloroplasts and
mitochondria and provide undistorted information. In this study, we analyzed chloroplast excluding primer 799R (reverse complement of
799F) which contains 4 mismatches of nucleotides against the chloroplast sequence modified for use with Illumina sequencers. We used
primer 799R with universal bacterial forward primers 341F and 515F and compared the results obtained with 799R to the results obtained
with the universal 806R primer. Microbiomes of 12 samples from 4 distinct parts of the tomato plants (Solanum lycopersicon L.) leaves,
fruits, roots, and rhizosphere, were amplified using all combinations of these primers. The combination of universal forward primers 515F
or 341F with the universal bacterial primer 806R amplified 60-85% of chloroplast sequences in samples of plant tissue. The 799R primer
effectively reduced the number of chloroplast sequences to less than 1%. However, some sequences derived from mitochondria remained,
with a higher proportion using the 341F primer (66-72%) than 515F (21-28%). The ability to describe microbial population diversity using
799R was similar to 806R, although there is a clear difference in the proportions of amplified microorganism groups using these primers.
Analysis revealed the highest frequency of Enterobacteriaceae when primer pair 515F+799R was used. Based on the results, the
combination of primers 515F+799R was the most appropriate, met all parameters, and can be recommended for routine analysis of plant
microbiomes using second generation sequencers.
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INTRODUCTION

Plant-associated microbiome can be defined as a community of microorganisms
inhabiting a particular niche on or within a plant. Plant microbiomes are important
for plant growth, health, and productivity but they are also important from
consumers' point of view (Rastogi et al., 2012). Human pathogenic bacteria
inhabiting the plants may pose a threat to consumers (Ali et al., 2017). These
bacteria can naturally inhabit the soil, or they are applied to the soil with organic
fertilizers or untreated water (Berg et al., 2015). Analysis of plant microbiomes is
crucial for understanding how human pathogens can withstand in a plant
environment, translocate, and internalize within plant tissues (van Overbeek et al.,
2021). Knowledge about plant microbiomes is still limited, due to technical issues
associated with analysis. Microbiological techniques based on cultivation appear
less effective because around 99% of microbial species in the soil/plant
microbiome are not cultivable (Rastogi & Sani, 2011). Molecular techniques have
changed the paradigm in the analysis of the microbial community and have become
widely used in research (Berg et al., 2014). High throughput parallel sequencing
of PCR amplicons is the most widely used technique for microbiome analysis in
recent years. Among next generation sequencers, lllumina platform is the most
used for these purposes. Besides shotgun metagenomics, mainly metabarcoding
techniques that use sequencing of DNA markers like 16S rRNA gene or ITS region
are the most frequently used (Golebiewski & Tretyn, 2020). This technique has a
standardized workflow for the human or soil environment (Thompson et al., 2017)
but there are still some problems in plant associated studies. The sequencing of
16S PCR amplicons is used for bacterial community analysis because the 16S
rRNA synthesis gene is present in all bacterial species and includes hypervariable
regions that can be used for bacterial genera or species identification. Universal
PCR primers with complementarity to conserved part of 16S rRNA were designed
for amplification of variable regions resulting in identification of bacteria
(Caporaso et al., 2011; Klindworth et al., 2012; Parada et al., 2016). However,
random mutations appear even in conserved areas, so none of these primers are

absolutely universal. Thus, various primer pairs describe bacterial communities
differently.

Main issue with 16S rRNA gene analysis in plant microbiomes is the similarity of
bacterial 16S to the 16S rRNA of plant chloroplasts. Chloroplasts are organelles
within plant cells responsible for photosynthesis. Endosymbiotic theory supposes
that eukaryotic cells acquired photosynthetic bacteria which lost their ability to live
outside host cells and specialized to photosynthesis (Moreira et al., 2000). Similar
process led to internalization of mitochondria (Gray, 2012). Chloroplast and
mitochondria retain their circular DNA also with 16S rRNA gene which is very
similar to the bacterial one. Both of them cannot be synthetized de-novo and must
be inherited from parental cells and thus they are present in every plant cell
including non-green cells. More than 200 chloroplasts and more than 10000 copies
of chloroplast DNA can be found in a single plant cell, which is significantly more
than the number of bacterial DNA associated with plant cells (Morley & Nielsen,
2016). As the universal primers for amplification of 16S rRNA gene successfully
amplify plant DNA majority (70-99%) of acquired sequences may belong to
chloroplast resulting to unreliable picture about bacterial community or acquisition
of suitable results need high costs (Medo et al., 2018; Regalado et al., 2020;
Ziarovska et al., 2020). Various techniques were considered to solve the problem.
Specific oligo blocker for elimination of chloroplast 16S rRNA amplification
(Mayer et al., 2021), peptide nucleic acid blocker (Viquez-R et al., 2020), or
suicide PCR (Green & Minz, 2005) were tried with various results. Size selection
of amplified PCR fragments may help in lowering of chloroplast contamination
(Sakai et al., 2004). Change of universal primers to primers not amplifying
chloroplasts may be a viable solution as it is easy to use and does not require
additional steps in analysis.

Chelius and Triplett (2001) made pioneer work in the decrease of chloroplast
contamination in 16S rRNA PCR from environmental samples when they found
the region harboring 4 nucleotides with mismatch to chloroplast. This region
contains 2 nucleotides on position 798-799 (numbering according to standard
Escherichia coli 16S gene) and another 2 on positions 783 and 784. Primer
containing these sequences named 799F in combination with different reverse
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primers was successfully used for amplification of chloroplast free 16S rRNA gene
regions (Beckers et al., 2016; Hanshew et al., 2013; Tian & Zhang, 2017).
However, this primer was only partially optimized for use with Illumina sequencer
and direct comparison with other widely used universal primer combinations is
missing.

The aims of this study are to design and modify primers capable of excluding
chloroplast amplification from plant tissue during sequencing on Illumina Miseq
platform. Then, evaluate the primer pairs according to their ability to describe
diversity and composition of plant bacterial community with special attention to
human pathogenic bacteria

MATERIAL AND METHODS
Preparation of samples

For evaluation of primers ability to describe plant bacterial microbiome, samples
from tomato plants Solanum lycopersicum L. variety Cristal F1 were used. It is an
indeterminate type of high yield, long shelf life hybrid with increased resistance to
diseases. Plants were pre cultivated in pots with gardening substrate and then
transplanted into soil. Soil on the experimental plot was clay-loam fluvisol with
pH 6,5. Soil was fertilized using cow manure in dose 40 t/ha before plant
transplantation. Samples were taken from 3 different plants (i. e. replications).

It is common to analyze various plant parts and surrounding environments, mainly
soil associated, during experiments with plant microbiomes and it is important that
primers should be usable in all these conditions. Thus, we used 4 types of sample
types for primers evaluation. Rhizosphere samples were obtained from the soil
attached to tomato roots. Plants were dug up, shaken from free soil, and transported
to the laboratory. Then 10 g of roots with attached soil was washed in 20 ml of
sterile saline solution in 50 ml tubes. Suspension was centrifuged and the pellet
was used for DNA extraction. Then, all remaining soil was removed from roots
using a brush, roots were 3 times washed by tap water, surface sterilized by 2%

Table 1 Primers used for amplification of plant microbiomes.

NaOCI for 2 minutes, and then 3 times washed by sterile distilled water. Surface
sterilized roots were used for DNA extraction. Leaves and fruits were not surface
sterilized. They were cut by a sterile scalpel to approx. 3 mm pieces before DNA
extraction

Hundred mg of samples prepared as mentioned above were frozen in 2 ml
microtubes and homogenized using 4 mm zirconium beads in Beadbug
homogenizer (Benchmark scientifics, New Jersey, USA). DNA extraction was
done using EZ 10 Column Plant Genomic DNA Purification Kit (Biobasics,
Markham, Canada). Together 12 DNA samples were obtained.

Primers, PCR and sequencing

Primer 799R was designed as a simple reverse complement of forward primer 799F
proposed by Chelius and Triplett (2001). As it contains 2 chloroplast mismatched
nucleotides on the 3" end chloroplast exclusion should be kept. Bioinformatics
analysis using a probe test in SILVA database (testprobe tool) showed that 78,2%
coverage for Bacteria, Primer 799R had 4 mismatches (positions 1,2,16,17) to all
available tomato chloroplast in Genbank.

For selection of the best primer pair usable for plant microbiome assays we used 2
forward primers 341F and 515F and two reverse primers, 806R, and chloroplast
excluding 799R (table 1). These combinations were used for amplification of V4
or V3-V4 variable regions of 16S rRNA of bacteria (table 2). Each primer
combination was used for amplification of each DNA sample.

Primers were enhanced by a barcode which is used for recognition of samples
within multiplexed reading of lllumina sequencers. Barcodes with different length
6-8 nt were used as the Illumina sequencers suffer from low quality of signal when
large parts of parallel read sequences contain the same base in a certain position.
To ensure that the barcode did not interfere with primer, 2 nt spacer mismatched
to common bacterial sequences was used between primer and barcode.

primer Sequence Author

341F XXXXXXXX!-GG?*-CCTACGGGNGGCWGCAG? (Klindworth et al., 2012)
515F XXXXXXXX -GT-GTGCCAGCMGCCGCGGTAA (Caporaso et al., 2011)
806R XXXXXXXX -CC-GGACTACHVGGGTWTCTAAT (Caporaso et al., 2011)
799R XXXXXXXX -TA-CMGGGTATCTAATCCKGTT This study

* barcode for identification of sample multiplex reading (different for each sample)

2 spacer non-complementary to bacterial 16S rRNA gene
3 Primer sequence complementary to bacterial 16S rRNA gene

Table 2 Primer pairs used in the study

Forward Reverse Approx. length Chloroplast
primer primer of product amplification
341F 806R 450 bp Yes
341F 799R 450 bp No
515F 806R 300 bp Yes
515F 799R 300 bp No

The same PCR mixture and reaction conditions were used for all primer
combinations. 15 pl of PCR mixture contained 0,15 pl of Q5 HS HF DNA
polymerase (New England Biolabs, Ipswich, USA), 3 ul of 5X Q5 reaction buffer,
0,3 pl of 2 mM dNTPs, 0.75 pl of 10pM forward and reverse primers and 1 ul od
DNA. PCR ran on SureCycler 8800 (Invitrogen, Waltham, USA) with following
conditions: initial denaturation 98°C for 30 s followed by 40 cycles consisting of
denaturation 98°C for 3 s, annealing, 60°C for 20 s, and polymerization 72°C for
20s.

Resulting PCR products were quality and length checked on agarose gel, purified
by AMPURE XP (Beckman Coulter, Brea, USA) paramagnetic beads, quantified
by Qubit fluorometric assay (Thermo, Waltham, USA) and mixed in equimolar
ratio. Sequencing library was prepared by TruSeq LT PCR free kit (Illumina, San
Diego, USA), where fragmentation and size selection were omitted as the PCR
products were used as input DNA. Prepared library was quantified using NEBnext
Library Quantification kit (New England Biolabs, Ipswich, USA), and sequencing
was done using Illumina V3 2x300bp kit on an Illumina MiSeq system.

Data processing

Acquired sequences were analyzed in the SEED2 environment (Vetrovsky et al.,
2018). Analysis was done separately for each primer combination because of
different settings. Firstly, sequences were joined using join2fastqc. Fifty bp
overlap and max 8% mismatch were set up for samples amplified with primer 515F
(approx. 300 bp products), while only 40 bp overlap was set for samples with
primer 341F. Unusually long or short sequences were removed. Only sequences
with lengths in the range 400-500 bp for primer 341F and 250-350 bp for primer
515F were retained. Sequences with overall quality score lower than Q30 were
removed from further analysis. Then individual samples were recognized
according to the barcodes. Then, barcode and primer parts were removed from
sequences. Sequences were checked for chimera using de-novo algorithm in

Vsearch software (Rognes et al., 2016) and chimeras were removed. Operational
taxonomic units (OTUs) were generated by Vsearch at similarity level 97%. The
most abundant sequence from each OTU was found and identified using the RDP
classifier (Wang et al., 2007).

Within each OTU table, chloroplast and mitochondrial sequences of the host
(Solanum spp.) were identified on class level. Numbers of such sequences were
used for analysis of primer’s ability to avoid host sequence amplification.
Chloroplast and mitochondria sequences were discarded for analysis of alpha and
beta diversity. Diversity was analyzed on genus level due to the fact that 341F
primer combinations provide longer sequence reads and thus more OTUs.
Sequences were rarified to the lowest count in the dataset for comparison of alpha
diversity indices. Alpha diversity indices were computed in R (R Core Team,
2019), compared using ANOVA followed by Tukey test. Non-metric
multidimensional scaling (NMDS) and permutational analysis of variance
(PERMANOVA) were done in R using package vegan (Oksanen et al., 2013).
Comparison of equality of phyla detection was done by pairwise Wilcoxon signed-
rank testin R.

RESULTS
Amount of bacterial and unwanted sequences

Totally 365871 sequences were successfully joined for all samples and 341236
(7109 per sample) of them was retained after quality filtering, length selection and
chimera removal. Tested primer pairs showed very significant results regarding
amplification of wanted (Bacteria and Archaea) and unwanted (mitochondria and
chloroplast) sequences. However, their discrimination power is also affected by
the sample type. Very small portions of chloroplast sequences and almost no
mitochondria were detected in rhizosphere samples while Archaea were very
sporadic in samples of leaves and fruits. On the other hand, chloroplast frequency
became around 60-70 % in fruits and leaves samples when universal primer pairs
were used (Tab 3).

Primers 515F+799R resulted in an increase of mitochondrial sequences frequency
by 10% and 15 % in fruit and leaves samples, respectively. Enormous increase was
found when 799R was used with 341F. Percentage of mitochondrial sequences
increased from 18 to 67 % in fruit and from 23 to 77% in leaf samples.
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Table 3 Relative frequencies of chloroplast, mitochondria, Archaea and Bacteria in samples of tomato rhizosphere,
roots, leaves, and fruits amplified using universal and chloroplast excluding primer pairs.

Chloroplast 341F+806R 515F+806R 341F+799R 515F+799R Average
Fruits 64.6 Ch* 67.0 Cb 0.1 Aa 0.4 Aa 33.0 C
Leaves 72.3 Cc 61.4 Cb 0.0 Aa 0.0 Aa 335 C
Roots 245 Bb 217 Bb 0.4 Aa 0.0 Aa 11.7 B
Rhizosphere 15 Ac 0.6 Ab 0.0 Aa 0.0 Aa 0.5 A
Average 40.7 b 37.7 b 0.1 a 0.1 a

Mitochondria 341F+806R 515F+806R 341F+799R 515F+799R Average
Fruits 16.0 Ba 21.2 Ba 66.4 Bb 21.9 Ba 314 B
Leaves 215 Ba 24.6 Ba 715 Bb 28.3 Ba 36.5 B
Roots 7.0 Aa 7.7 Aa 0.9 Aa 0.1 Aa 39 A
Rhizosphere 0.1 Aa 0.4 Ab 0.1 Aa 0.0 Aa 0.2 A
Average 11.2 a 135 a 34.7 b 12.6 a

Archaea 341F+806R 515F+806R 341F+799R 515F+799R Average
Fruits 0.1 Aa 0.1 Aa 3.0 Aa 0.3 Aa 0.9 A
Leaves 0.2 AB 0.1 Aa 34 Aa 0.1 Aa 0.9 A
Roots 4.7 Ba 13 Aa 7.9 Aa 9.6 Aa 59 B
Rhizosphere 1.6 ABa 6.0 Bhc 34 Aab 7.9 Ac 4.7 AB
Average 1.6 a 1.9 a 4.4 a 4.5 a

Bacteria 341F+806R 515F+806R 341F+799R 515F+799R Average
Fruits 19.3 Aa 11.8 Aa 30.5 Aa 774 Ab 34.8 A
Leaves 5.9 Aa 13.9 Aab 251 Ab 71.6 Ac 29.1 A
Roots 63.7 Ba 69.3 Ba 90.8 Ba 90.3 Aa 78.5 B
Rhizosphere 96.8 Cb 92.9 Bab 96.5 Bb 92.1 Aa 94.6 C
Average 46.4 a 47.0 a 60.7 b 82.9 c

Averages accompanied with the same letter (uppercase for columns; lowercase for rows) are not statistically significantly different

(ANOVA; Tukey test; =0,05; n=3)
Alpha and beta diversity

Analysis of alpha diversity (i.e. Shannon’s index) was done after removal of
chloroplast and mitochondria sequences. It revealed differences between sample
types (ANOVA; P=0.0116) but also between primer pairs (P=0.0073). The lowest
average value was found after the use of 341F+806R primer pair (Tab 4).
Insignificantly higher value was obtained using 341+799R. Both were significantly
lower than 5.64 and 6.01 values for pairs 515F +806R and 515F+799R,
respectively. Lower indices were related to the amount of chloroplast and
mitochondria sequences. In samples where their frequencies were high, the low
number of remaining Bacteria / Archaea sequences resulted in lower diversity
indices.

NMDS non linear fit R?0.948
NMDS stress 0.229

PERMANOVA

— Primer pair R’=0.213; P=0.001
Sample type R?=0.308; P=0.001
Interactions R?=0.141; P=0.035

1.0

0.5

NMDS2

Primer pair

B 341F+806R
A 515F+806R
® 341F+799R
& 515F+799R

0.0
1

Sample type
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M Fruits
T T T T
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NMDSH

Figure 1 NMDS plot of microbiome similarity in four types of plant associated
samples analyzed by sequencing of 16S rRNA gene amplified using universal and
chloroplast excluding primer pairs.

Table 4 Shannon’s indices of diversity for bacterial/archeal microbiome of tomato
rhizosphere, roots, leaves, and fruits analyzed using universal and chloroplast
excluding primer pairs.

341F+806R  515F+806R  341F+799R  515F+799R Average
Fruits 4.17Aa* 5.53Aab 5.7ABab 6.27Ab 5.59AB
Leaves 4.88Aa 5.10Aa 4.79Aa 5.72Aa 4.95A
Roots 5.22Aa 5.76Aa 5.90Ba 5.90Aa 5.70B
Rhizosphere 6.07Ab 6.18Ab 4.81ABa 6.12Ab 5.80B
Average 5.08a 5.64ab 5.30ab 6.01b

*Averages accompanied with the same letter (uppercase for columns; lowercase for rows) are
not statistically significantly different (ANOVA,; Tukey test; a=0,05; n=3)

Community of bacteria amplified during PCR showed significant dependence on
primer combination (PERMANOVA P<0,001; R2=0,21) despite the effect of
sample type was stronger (P<0,001; R2=0,31). According to the NMDS analysis
(Fig 1), all primer combinations were able to clearly distinguish communities
among sample types in a very similar way, but effect of primer combination is
visible.

Equality of microbial group detection

In detailed examination, we found that certain primers increase or decrease
amplification of 16S rRNA gene from particular groups of microorganisms (Fig
2). Primers 341F+799R overestimated Saccharibacteria phyla in the rhizosphere
while 341+806R underestimated Proteobacteria and overestimated Firmicutes in
leaves. Using pairwise analysis (Tab 5), we analyzed which group of
microorganisms is differently amplified between primers. Differences between
universal primer pairs were low, only in 3 of 22 phylogenetic groups. Using
chloroplast excluding primer 799R instead of universal 806R primer resulted in
significant change of 5 and 6 bacterial phyla for primer 341F and 515F
respectively.
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Figure 2 Frequency of Bacteria/Archaea phyla in tomato associated samples analyzed by sequencing of 16S rRNA gene amplified using
universal and chloroplast excluding primer pairs.
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Table 5 Significance of difference in frequency of phyla detection between primer pairs (P values; Paired student T-test n=12)

Statistically tested combination of primer pairs

r o r o« r o r o r o r o

©0 © ©0 (2] ©0 (2] (2] [{] (2] (2] ©0 (2]
Phylum 848 8,2 8,2 2,8 2,2 8,2

e e e e > e

— mn — — — n — n — n mn n

S B S 3 S B S B S B » B
Acidobacteria 0.361 0.051 0.017 0.016 0.199 0.002
Actinobacteria 0.009 0.498 0.001 0.001 0.001 0.005
Aquificae 0.231 0.127 0.548 0.117 0.087 0.357
Bacteroidetes 0.674 0.412 0.722 0.314 0.557 0.470
candidate.division.WPS.1 0.019 0.006 0.002 0.048 0.404 0.015
Candidatus.Calescamantes 0.330 0.338 0.330 0.339 0.386 0.339
Candidatus.Saccharibacteria 0.093 0.091 0.617 0.063 0.142 0.376
Crenarchaeota 0.050 0.076 0.052 0.832 0.085 0.204
Deinococcus.Thermus 0.384 0.357 0.650 0.069 0.333 0.140
Euryarchaeota 0.889 0.305 0.189 0.461 0.170 0.447
Firmicutes 0.597 0.161 0.100 0.314 0.982 0.157
Fusobacteria 0.452 0.465 0.777 0.132 0.389 0.402
Gemmatimonadetes 0.221 0.030 0.075 0.277 0.205 0.808
Chloroflexi 0.956 0.023 0.846 0.023 0.029 0.933
Nitrospirae 0.116 0.141 0.549 0.090 0.200 0.014
Parcubacteria 0.085 0.125 0.07 0.378 0.213 0.339
Planctomycetes 0.113 0.004 0.002 0.006 0.003 0.002
Proteobacteria 0.051 0.008 0.001 0.708 0.001 0.003
Tenericutes 0.339 0.342 0.339 0.308 0.303 0.364
Thaumarchaeota 0.075 0.002 0.046 0.040 0.470 0.160
Verrucomicrobia 0.601 0.156 0.039 0.048 0.479 0.001
Woesearchaeota 0.332 0.330 0.330 0.339 0.218 0.339

Enterobacteriaceae resolution

Differences were found in detection of possible human pathogenic bacteria from
the Enterobacteriaceae family. Fourteen genera of Enterobacteriaceae were found
among all samples across all primer combinations. Relative frequency and
numbers of detected genera were dependent on sample and primer combination
(Tab 6). The most prevalent genera were Enterobacter, Escherichia/Shigella,
Klebsiella, Citrobacter, and Raoultella. They were found in all types of samples
including leaves and fruits. Primer combination 341F+806R was not able to detect
Enterobacter in all samples except the single rhizosphere. On the other hand,
primer 341F allows deeper identification of bacteria as the sequences are longer,
thus it can provide better resolution of genera within Enterobacteriaceae family.

Table 6 Relative frequencies and number of detected genera (in parentheses) of
Enterobacteriaceae family in samples of tomato rhizosphere, roots, leaves, and
fruits amplified using universal and chloroplast excluding primer pairs.

Sample type 341F+806R  515F+806R  341F+799R 515F+799R
Fruits 0.33(5) 0.81 (5) 0.23 (5) 0.79 (3)
Leaves 0.13 (1) 0.34 (4) 0.09 (2) 0.74 (4)
Roots 0.25 (3) 0.22 (5) 0.22 (6) 0.58 (1)
Rhizosphere 0.2 (4 0.12 (1) 0.13(2) 0.32(2)

DISCUSSION

The main purpose of this study was to evaluate the use of chloroplast exclusive
primer 799R and compare it to common primer 806R. As it was predicted, use of
the chloroplast excluding primer 799R resulted in decrease of chloroplast
amplification and their frequency was lowered almost to zero values. Similar
results were achieved by Beckers et al. (2016) who tested primers 799F and
783Rabc (mixture of 3 primers targeting the same positions like 799F) for analysis
of bacterial community in rhizosphere roots, stem and leaves of hybrid poplars
(Populus tremula x P. album) using pyrosequencing. They favored combinations
799F+1391R or 799F+1193R over combination 341F+783Rabc. However,
primers 341F and 515F are now preferred for analysis of soil microbiome in
standardized protocols like Earth microbiome project (Thompson et al., 2017).
There is also a limitation of length of the reading on lllumina platform to maximum
approx. 450 bp which disqualifies primer 799F in combination with any reverse
primer binding on position higher than 1200 (numbered based on Escherichia coli
standard genome). Thijs et al. (2017) tested the combination of 341F with reverse
primer 785R (Klindworth et al., 2012) which is similar to 806R shifted by 2 bases
and 96.1% of acquired sequences belonged to bacteria. High coverage of this
combination should lead to the most informative results. However, we found strong
affinity of these primers to chloroplast and also mitochondrial 16S rRNA gene
amplification. Mitochondria amplification was apparent in samples processed
using universal primers and it even increased after using chloroplast excluding
799R primer. Potential solution may be using primers which also decrease
mitochondrial amplification. Primers 335F+769R developed bioinformatically by
Dorn-In et al. (2015) were evaluated by Nakano (2018) for amplification of 16S
rRNA on sample of potato salad and animal feed. Primers successfully excluded
chloroplasts and mitochondria from amplification in comparison to 341F+785R.

However, authors offered only limited insight to performance of these primers and
their ability to amplify bacteria involved in soil-plant relationships are not clear.
Samples amplified with 341F primer shoved the lowest diversity index which was
probably caused by lower number of sequences. It was caused by lower base
quality on the end of reads that did not allow correct joining of forward and reverse
reads. It is in contrast with other studies where samples amplified with 341F+785R
repeatedly showed high diversity indices (Fadeev et al., 2021; Liu et al., 2020;
Thijs et al., 2017) and our results seem to be affected by lower read quality.
However, more than 2000 sequences were still detected in these samples. Despite
number of sequences acquired by next generation sequencer (sequencing depth)
may affect results of microbiome research (Sanchez-Cid et al., 2022) even less
than 1000 sequences correctly described diversity and composition of microbial
community (Dully et al., 2021; Shirazi et al., 2021).

There are not any primers capable to describe bacterial community exactly because
there is not a position in 16 S rRNA gene where all members of community share
the same sequence. In all studies comparing primers for microbial community
description some differences were found (Nakano, 2018; Parada et al., 2016;
Thijs et al., 2017). In spite of differences in community between primer pairs in
our study, the main members of the community were detectable using all primer
pairs and they reflect the actual bacterial community in samples. For example, one
sample of leaves was apparently attacked by stolbur phytoplasma despite it was
not symptomatic. All primer pairs were able to amplify it and 3 pairs confirmed
phytoplasma in a similar extent, i.e. around 33%, while combination 341F+806R
showed almost 70%. Generally, some loss of accuracy of description is acceptable
trade-off for exclusion of chloroplast sequences which may account for more than
90% of sequences and make the analysis impossible.

We particularly targeted Enterobacteriaceae family of bacteria as it is considered
to be the most common human pathogens able to survive in plant and surrounding
soil (Holden et al., 2009). They are considered an integral part of plant
microbiomes and besides direct harmful effects to human health they also act as
reservoirs of antibiotic resistance (Cernava et al., 2019). Primer 515F showed
ability to amplify higher portion of Enterobacteriaceae sequences thus its
combination 515F+799R seems to be a good candidate for analysis of human
pathogenic bacteria in plant microbiome. Although 515F forward primer provided
more sequences of Enterobacteriaceae, 341F offered better genera resolution.
However, PCR with primers 341F+799R requests the use of 2x300bp Illumina
sequencing kit and results are strongly affected by the quality of sequence reads.

CONCLUSION

In present study we proved that primer 799R can be used in microbiome analysis
using sequencing of 16 rRNA gene on Illumina platform. Despite small differences
in community description ability of tested primer pairs they main purpose, i.e.
exclusion of chloroplast amplification, was successful. Combination 515F+799R
appears to be more universal with less amplification of mitochondria while
combination 341F+ 799R may be used for longer read sequencing on Illumina
platform.
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