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Abstract: To date, the association of potato tuber micro-
biota is poorly understood. In this study, the endophytic
bacterial flora of seed potato tubers was identified and the
diversity of healthy and unhealthy tubers was compared.
Metagenomic DNA extracted from healthy and unhealthy
samples of seed potato tubers was used for the analysis of
microbial communities. Next generation sequencing of the
~460 bp v3-v4 region of the 16S rRNA gene was carried out
using the Illumina Miseq platform. The data were analysed
using the Divisive Amplicon Denoising Algorithm 2 pipe-
line. Sequence analysis of the potato metagenome identified
amplicon sequence variants (ASVs) assigned to 745 different
taxa belonging to eight Phyla: Firmicutes (46.2%), Proteobacteria
(36.9%), Bacteroidetes (1.8%), Actinobacteria (0.1%), Tenericutes
(0.005%), Saccharibacteria (0.003%), Verrucomicrobiota
(0.003%), and Acidobacteria (0.001%). In healthy seed potato
tubers, 55-99% of ASVs belonged to Firmicutes, including
Bacillus, Salinibacillus, Staphylococcus, Lysinibacillus,
Paenibacillus, and Brevibacillus genera within the taxo-
nomic order Bacillales. However, in the visually unhealthy
tubers, only 0.5-3.9% of ASVs belonged to Firmicutes while
84.1-97% of ASVs belonged to Proteobacteria. This study
highlights that diverse bacterial communities colonize potato
tubers, which contributes to the understanding of plant-mic-
robe interactions and underscores the significance of meta-
genomic approaches in agricultural research.
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1 Introduction

Potato (Solanum tuberosum) is one of the most important
and widely grown crops in the world [1]. This crop pro-
vides vital sustenance for millions of people worldwide.
However, the productivity and quality of potato crops
are constantly threatened by various biotic and abiotic
stressors, including pests, diseases, and environmental fac-
tors. Among these, bacterial pathogens pose a significant
challenge to potato cultivation, leading to considerable
yield losses and economic impacts. To protect the crop
from biological invasions, a number of phytosanitary
safeguards are adopted, including quarantine pathogen
screening (Ralstonia solanacearum, Clavibacter michiga-
nensis, Pectobacterium caratovorum, Streptomyces sca-
bies) at the entry ports.

Endophytes represent an important source of micro-
organisms, which are taken up by plant roots and further
colonize the plant interior [2]. They have beneficial effects
on plant growth and development [3]. Endophytic bacteria,
residing within the internal tissues of plants without causing
any apparent harm, have been increasingly recognized for
their potential role in promoting plant growth, enhancing
stress tolerance, and providing protection against pathogens
[4]. In the context of potato cultivation, understanding the
diversity and functions of endophytic bacteria associated
with seed potatoes is of particular interest, as seed potatoes
serve as the primary source of planting material and can
significantly influence the health and productivity of potato
crops. Plant parts that are used as propagative materials are
inevitably critical for successful crop production and the
bacterial populations within them could play a major role
in crop performance and production.

The plant microbiome is an integral part of the host
and is increasingly recognized as playing a fundamental
role in plant growth and health by forming complex
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co-associations with plants. Microbial biodiversity in seed
potato tubers is poorly known and studied, and research
has been limited to rhizosphere microorganisms. Analysis
of the potato microflora would be important to understand
its association with tuber health and to identify the biose-
curity threats. Specially, in the case of imported seed
potato, metagenomic analysis would provide a profile of
bacterial flora, including endophytes as well as quarantine
pathogens if available, revealing the ability for using meta-
genomics as a rapid screening tool.

Metagenomics is defined as the direct genetic analysis
of genomes contained within environmental samples [5]
and is the study of the collective genomes of the members
of a microbial community. It involves isolating and analysing
the genomes without culturing the organisms, thereby
offering the opportunity to describe the plant’s diverse
microbial inhabitants, many of which cannot yet be cul-
tured [6]. Metagenomic studies have enhanced under-
standing of the roles of individual taxa in modulating
plant physiology, colonization, and health. These approaches
have helped to unravel the microbial diversity in various
eco-habitats, where culture-based methods have failed
because the majority of the microbes are unculturable
and thereby go undetected using conventional methods.
Recent developments in high-throughput next-generation
sequencing technologies permit the investigation of endo-
phytic microbiomes, facilitating the sequencing of a larger
number of bacteria and in-depth analysis of bacterial
communities as part of taxonomic, phylogenetic, and evo-
lutionary studies [7]. Next-generation sequencing has dra-
matically accelerated the development of sequence-based
metagenomics [8].

This study used the Divisive Amplicon Denoising
Algorithm 2 (DADA2) pipeline to determine the composi-
tion of microbial communities. DADA2 offers the best
sensitivity among the currently available metagenomic
analysis pipelines [9] and it identifies variation at fine scale,
minimizing the misinterpretation of sequence errors as
biological variations [10]. The method was developed to
resolve amplicon sequence variants (ASVs) from Illu-
mina-scale amplicon data [11] and was explicitly intended
to replace operational taxonomic units (OTUs) as the basic
unit of biological variance. OTUs are clusters of reads that
differ by less than a fixed sequence dissimilarity threshold,
most commonly 3% [12]. ASV methods that are now avail-
able provide better resolution and accuracy than OTU
methods [11] without imposing the arbitrary dissimilarity
thresholds that define OTUs. Therefore, the metagenomic
analysis of bacterial communities of seed potato tubers
with the DADA2 pipeline would provide better under-
standing of the potato microbiome.
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2 Materials and methods

2.1 Sample collection

Seed potato samples from 120 imported consignments were
obtained from the plant quarantine station of the Department
of Agriculture, Sri Lanka. The seed potato tubers were
stored in a cold room below 4°C at the National Plant
Quarantine Service at the time of sample collection. Of
the 120 samples, 12 were randomly selected for metage-
nomic analysis of bacterial communities and these con-
tained 9 visually healthy and 3 visually unhealthy and
rotten samples (Figure 1). Tissues from two tubers of
each sample were used for DNA extraction.

2.2 DNA extraction

The seed tubers were surface-sterilized with 10% NaOCl
and then washed with distilled water prior to DNA extrac-
tion. Fifty grams (50 g) of each seed potato tuber (including
both the peel and inside tissues) were crushed into a paste
and transferred to a 50 mL falcon tube which contained
10 mL of autoclaved de-ionized water. The mixture was
vortexed and filtered through a sterile gauze into another
50 mL falcon tube. The liquid extract was incubated for
5min in a water bath adjusted to 95-100°C. The extract
was then vortexed for 30 s and centrifuged at 12,400 x g
for 10 min. The supernatant was removed and the pellet
was washed with 3mL of wash buffer (50 mM Tris-HCl,
5mM EDTA, pH 8.0) and centrifuged again at 12,400 x g
for 10 min. The supernatant was removed and an aliquot of
3mL of lysis buffer (100 mM Tris-HCl, 100 mM EDTA, 1.5 M
NaCl, pH 8.0) was added to the pellet, which was then
incubated for 30-45 min with mixing at 10 min intervals.
The homogenized mixture was centrifuged at 12,400 x g for

Figure 1: Healthy and unhealthy seed potato tubers collected at the
entry ports.
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15min. The resulting supernatant was divided into six
1.5mL Eppendorf tubes, to each of which was added
150 uL of 3M NaOAc and 150 pL of ice-cold isopropanol.
Each tube was centrifuged at 12,400 x g for 15min. The
supernatant was removed and the pellet was washed
with 70% ethanol, air-dried, and re-suspended in 25 pl of
de-ionized water.

2.3 Seed potato microbiome analysis

Sequencing of the microbiome was performed by Macrogen
(Korea). The V3 and V4 regions of the bacterial 16S rRNA
gene were amplified using primers containing Hlumina
adapters following Illumina’s 16S Metagenomics Protocol
(Part # 15044223 Rev. B). Briefly, the universal primers
reported by Klindworth et al. [13] were used (16S Amplicon
PCR Forward Primer = 5TCGTCGGCAGCGTCAGATGTGTAT
AAGAGACAGCCTACGGGNGGCWGCAG3' and 16S Amplicon
PCR Reverse Primer = 5GTCTCGTGGGCTCGGAGATGTGTAT
AAGAGACAGGACTACHVGGGTATCTAAT3). Adapter-ligated
fragments were then PCR-amplified and gel-purified. PCR
was performed with the KAPA Hifi hot start PCR mix, and
PCR clean-up was performed using AMPure XP Beads according
to the 16S Metagenomics protocol. Amplicon libraries with a
mean size of 460 bp were created. To verify the size of PCR-
enriched fragments, the template size distribution was charac-
terized on a 2100 Bioanalyzer (Agilent Technologies) using a
DNA 1000 chip. The prepared libraries were quantified by
gPCR according to the Ilumina qPCR Quantification Protocol
Guide. The library concentrations were adjusted to 4 uM and
prepared for loading on a Miseq (Hlumina), according to Ilu-
mina’s 16S Metagenomics Protocol. Samples were pooled, dena-
tured, and loaded on the Miseq and sequenced with paired
ends (2 x 300) using a MiSeq® Reagent Kit v3 (600 cycle) (Part
# 15044223 Rev. B).

V3-V4 primer trimming was performed using Cutadapt
[14]. DADA2 [15] run on R software (version 3.5) was used
for data processing and analyses. The sequences were fil-
tered and trimmed to remove low-quality, short, and chi-
meric reads. Quality profiles of the forward and reverse
reads were visualized using the plot Quality Profile com-
mand (Figure S1), and nucleotides from forward and reverse
reads were trimmed based on the quality plot where for-
ward reads less than 250 bp and reverse reads less than
200 bp were discarded. The fastq files were merged to
form ASVs, which were then used to assign taxa with the
Silva reference database (the ASV table generated from the
DADA? pipeline is included as Table S1). A user-defined
mapping file was generated that contained the metadata.
Alpha diversity (Shannon index) and beta diversity were
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visualized using principal coordinate analysis (PCoA) based
on rarefied OTU counts using Phyloseq and Bray-Curtis
distances between ASVs. All statistical analyses were accom-
plished with the vegan R package, DADA2 Pipeline, and
Welch’s t test calculator (https://www.statology.org/welchs-t-
test-calculator/). A p value < 0.05 was considered significant.
The sequences generated in this study were deposited
in the National Center for Biotechnology Information Sequence
Read Archive (http://www.ncbi.nlm.nih.gov/bioproject/
PRJNA438178) under the accession numbers SRR24041404,
SRR24041403, SRR24041402, SRR24041401, SRR24041400,
SRR24041399, SRR24041398, SRR24041397, SRR24042715,
SRR24042714, SRR24042713, and SRR24042712.

3 Results

3.1 Sequence data

Paired-end sequencing of libraries (MiSeq, Illumina) gen-
erated 500 Megabytes (500 Mb) of data. Quality filtering
retained 2.05 million 16S rRNA gene sequence reads
resulting in 1.38 million sequences distributed over 12 sam-
ples after chimeras were removed (Table 1), nearly all of
which were ASVs (Table 2). There were 745 unique ASVS
in total after accounting for those shared among the samples
(Table S1). An average 170,901 filtered reads and 115,228 non-
chimeric sequences were obtained from each sample (Table
2). The average amplicon size was 604 bp (Table 2). The ASVs
were assigned to 745 different taxa by 7 taxonomic ranks.
The 745 taxa belonged to Firmicutes (46.2%), Proteobacteria
(36.9%), Bacteroidetes (1.8%), Actinobacteria (0.1%), Teneri-
cutes (0.005%), Saccharibacteria (0.003%), Verrucomicro-
biota (0.003%), and Acidobacteria (0.001%) (Table 2). About
13.6% of detected sequences were chloroplast sequences
(Table 2).

The differences between visually healthy and unhealthy
seed potato for sample average of filtered reads, number of
Firmicutes and number of Proteobacteria were statistically
significant (p < 0.05) (Table 3). The number of filtered reads
ranged from 131,118 to 251,553 (Table 1), and the number of
ASVs ranged from 66,430 to 220,031 (Table 2). The mean
number of filtered reads were 140,000 + 9,000 (healthy sam-
ples) and 231,000 + 19,000 (unhealthy samples). The differ-
ence of the mean values was statistically significant (p <
0.05). The number of ASVs from Firmicutes was 69,000 +
34,000 in healthy samples and 7,000 + 8,000 in unhealthy
samples. Again, the difference of the mean values was sta-
tistically significant (p < 0.05). Similarly, the number of ASVs
from Proteobacteria were 18,000 + 16,000 (healthy) and
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Table 1: Summary of DNA extraction and amplicon library preparation metrics for seed potato samples

Sample DNA concentration Amplicon library Mean amplicon Number of Number of non-
(ng/pl) concentration (ng/pl) size (bp) filtered reads chimeric sequences

1. 01_13278 132.238 102.01 613 131,118 66,430

2. 16_50180 16.211 92.69 618 137,181 77,593

3. 31_12445 26.664 113.38 618 144,782 108,703

4, 4711588 15.591 92.57 620 132,126 110,553

5. 49 51087 5.493 96.27 607 148,558 73,260

6. 57_51741 94.855 106.47 604 154,884 120,022

7. 66_51556 22.330 106.49 606 141,740 116,030

8. 82 24.405 101.39 613 129,390 70,823

9. WYB36 1.797 36.13 568 237,028 153,529

10. WYB27 41.672 55.84 596 251,553 123,462

1. WYB21 70.545 61.22 594 228,310 220,031

12. WYB71 3.654 56.66 595 214,142 142,296

Total 2,050,812 1,382,732

Average 604 170,901 115,228

115,000 + 18,000 (unhealthy), which was also statistically
significant (p < 0.05) (Table 3).

PCoA of the diversity of the microbial communities shows
that the composition of the microbiota of the unhealthy tuber
samples forms a separate cluster and is distinguished from the
healthy samples (Figure 2).

3.2 Microbial diversity analysis

Phylogenetic analysis revealed a diversity of microbes in
the analysed seed potato. Bacteria belonging to eight phyla
were identified: Acidobacteria, Actinobacteria, Bacteroidetes,
Firmicutes, Proteobacteria, Saccharibacteria, Tenericutes, and
Verrucomicrobiota (Figure 3). Sequences representing chloro-
plast DNA were categorized as belonging to cyanobacteria.
Bacteria of these 8 phyla in turn belonged to 16 taxonomic
classes, 29 bacterial orders, 55 families and 133 genera
(Table S2).

Phylum Firmicutes was the most abundant bacteria in
healthy potato (Figure 3). They were detected in all sam-
ples. However, there were differences in the availability of
Firmicutes among the healthy and unhealthy tubers. The
percentage of Firmicutes within visually healthy samples
ranged from 55.9 to 99.9%, which establishes them as the
dominant bacterial population within healthy tubers (Table 4).
Conversely, in unhealthy tubers, Firmicutes varied from 0.5
to 3.9%, suggesting a clear association between the preva-
lence of Firmicutes and the health status of the seed potato
(Table 4). Four taxonomic classes of Firmicutes were
detected: Bacilli, Negativicutes, Clostridia, and Erysipelo-
trichia. In healthy tubers, only the taxonomic class Bacilli
and taxonomic order Bacillales and six genera (Bacillus,

Salinibactllus, Staphylococcus, Lysinibacillus, Paenibacillus,
and Brevibacillus) were detected (Table S2). Bacteria belonging
to these genera were not detected in unhealthy tubers.

In unhealthy tubers, 20 genera of Firmicutes were
detected, belonging to three taxonomic classes: Negativicutes,
Clostridia, Erysipelotrichia, and Bacilli (Order Lactobacillales).
They were Enterococcus, Vagococcus, Carnobacterium,
Anaerosinus, Pelosinus, Selenomonas, Anaerosporomusa,
Sporomusa, Clostridium, Lachnoclostridium, Mobilitalea,
Cellulosilyticum, Tyzzerella, Peptoclostridium, Caproiciproducens,
Ruminiclostridium, Intestinimonas, Anaerotruncus, and
Erysipelothrix (Table S2).

Microbial populations of the rotten unhealthy tubers
were dominated by the phylum Proteobacteria. Alpha,
beta, gamma, delta, and epsilon proteobacteria were abun-
dant in unhealthy tubers but some genera were also pre-
sent in healthy tubers as well (at low abundances) (Table
S1). Gamma proteobacteria was the taxonomic class with
the highest abundance (28.85%) within unhealthy tubers
(214 out of 745 detected ASVs).

Aridibacter sp. belonging to phylum Acidobacteria were
detected in minute amounts only in one sample, which was
visually healthy (Table 2). Acidobacteria is a phylum parti-
cularly abundant in soil habitats [16]. However, Acidobac-
teria represented only 0.001% of detected ASVs in seed
potato.

Actinobacteria were detected only in unhealthy tubers
(18 bacterial genera) but only at 0.1% of the total detected
bacteria (Table 2). Similarly, the phylum Bacteroidetes
(1.8%) was present in unhealthy tubers but not in any
healthy tubers.

Gamma-proteobacteria detected within the unhealthy
tubers were the most diverse Proteobacteria with 150
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Table 3: Comparison of unhealthy and healthy seed potato samples (mean + SD) using Welch’s t-test
Healthy seed potato Unhealthy seed potato Student’s t-test p value Difference
1 Number of filtered reads 140,000 + 9,000 231,000 + 19,000 0.00914 Significant
2 Firmicutes 69,000 + 34,000 7,000 + 8,000 0.000564 Significant
3 Proteobacteria 18,000 + 16,000 115,000 + 18,000 0.003072 Significant
4 Number of ASVs 56,000 + 31,000 102,000 + 29,000 0.0812 Not significant
@ The highly abundant gamma proteobacteria within
® ® unhealthy tubers were the Rahnella sp. belonging to the
bk Enterobacteriaceae family (Figure 5). Lelliottia species
' o,
A ®  Status belonging to Enterobacteriaceae family were detected both
& 000- @ 2 ¥ Healthy in healthy and unhealthy tubers (Figure 5). They are facul-
; ° e @ Unhealthy tative anaerobes that have been identified in diverse natural
< ~0.25- environments, food, and water [17,18]. Certain Lelliottia spe-
cies are suspected to have pathogenic possibilities [19].
-050- @ Chloroplast DNA was categorized as cyanobacteria and
-0.25 0.00 0.25 was detected in minute quantities in all but one sample,

Axis.1 [30.3%)]
Figure 2: PCoA of the filtered data using the Bray-Curtis distance.
different bacterial species (Table S2), which belonged to

four families: Enterobacteriaceae, Pseudomonadaceae,
Moraxellaceae, and Xanthomonadaceae (Figure 4).

where chloroplast DNA was abundant. However, chloroplasts
are present in potato tubers as well [20] and chloroplast DNA
originating from potato tubers cannot be disregarded. Potato
tubers contain a large number of starch-storing amyloplasts
and, upon exposure to light, amyloplasts in the peripheral
cell layers develop into chloroplasts that are capable of
photosynthesis [21].

Healthy Unhealthy
1.00 - 1.00 -
0.75- 0.75-
3
c
D 0.50- 0.50 -
S 0. :
=
kel
<
0.25- 0.25-
0.00- 0.00-
2T 3 2 % 5 2 8 8 3 3 3 g
I—‘ I(ﬂ [—‘ I-—\ IUH I(h IU’I 8; cI\T) % Z
w S N Jury = = = » i d ~ s
N = & & 8 & &
oo o n (o] ~N - [}
Sample

Phylum .Adinobadeda b

| Bacteroidetes I:, Cyanobacteria D Firmicutes . Proteobacteria

Figure 3: Overall relative abundance of microbial populations by phylum (mean abundance > 0.001).
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Table 4: Proportion of ASVs identified in each of 12 seed potato samples

Metagenomic analysis of endophytic bacteria in seed potato = 7

Sample Actinobacteria (%) Bacteroidetes (%) Firmicutes (%) Proteobacteria (%) Chloroplasts (%)
1 0113278 - —_ 55.9 44 —_
2 16_50180 —_ —_ 98.9 0.1 0.8
3 31_12445 — — 99.7 0.2 —
4 47_11588 —_ —_ 99.8 0.1 —_
5 49_51087 — — 86.5 13.4 —
6 57_51741 — — 91.2 8.7 —
7 66_51556 — — 69.9 30 —
8 82 - —_ 89.8 10.1 —_
9 WYB36 —_ —_ 4.9 13.3 81.6
10 WYB27 0.4 4 2.75 92.6 0.05
1 WYB21 — 2.3 0.5 97 0.03
12 WYB71 0.05 0.6 3.9 84.1 1.2
Healthy Unhealthy
0.75- 0.75-
s
R 0.50- 0.50~
3
<
0.25- 0.25-
6604 0oo. —
o' = w’ Ry J-' u: ; ool 5' < 5. <
E @ 1;; 1; |§ 1; 1§ » ‘§ Jg ‘g ?
« 8 & & 8 = ¢§
Sample
. Alcaligenscese Chloroplast Flavobacteriacese Planococcaceae . Staphylococcacese
Family Baclllaceae Comamonadaceae Leuconostocacese Pseudomonadaceae Veillonellacese
Caulobacteraceae Enterobacteriaceae Mutochondria Sphingobacteriaceae Xanthomonadacese

Figure 4: Overall relative abundance of microbial populations by family (

4 Discussion

The results of this metagenomic analysis of seed potato endo-
phytic bacteria revealed a comprehensive characterization of
the microbial communities inhabiting the potato tissues both
healthy and unhealthy. Paired-end sequencing of libraries
using MiSeq Ilumina technology generated a substantial
amount of data, totalling 500 Mb. After quality filtering,
which ensured the removal of low-quality reads, 2.05 million
high-quality 16S rRNA gene sequence reads were retained.
Subsequent removal of chimeric sequences resulted in a

mean abundance > 0.001).

final dataset of 1.38 million sequences distributed across
the 12 samples analysed.

The majority of these sequences were identified as
ASVs, highlighting the high resolution of the analysis. A
total of 745 unique ASVs were identified, indicating a
diverse array of endophytic bacterial taxa associated with
seed potatoes. These ASVs were assigned to 745 different
taxa spanning 7 taxonomic ranks. The analysis revealed
that the endophytic bacterial communities associated with
seed potatoes were predominantly composed of taxa belonging
to the phyla Firmicutes (46.2%) and Proteobacteria (36.9%).
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Figure 5: Overall relative abundance of microbial populations by Genus (mean abundance > 0.001).

Additionally, we observed contributions from chloroplasts
(13.6%), Bacteroidetes (1.8%), Actinobacteria (0.1%), Tenericutes
(0.005%), Saccharibacteria (0.003%), Verrucomicrobiota
(0.003%), and Acidobacteria (0.001%). The abundance and
diversity of these bacterial taxa reflect the complex micro-
bial ecosystem within seed potatoes. The dominance of
Firmicutes and Proteobacteria suggests their potential
importance in the endophytic bacterial community asso-
ciated with potato tissues. Furthermore, the presence of
chloroplasts underscores the importance of considering
plant-associated contaminants in metagenomic analyses.
The average number of filtered reads and non-chimeric
sequences obtained from each sample provided insights
into the variability of endophytic bacterial communities
among seed potato samples. Additionally, the average
amplicon size of 604 bp reflects the robustness of our
sequencing approach in capturing diverse microbial taxa
present in the potato tissues. Further, seed potato samples
were collected through random sampling and the collected
12 samples included 9 healthy and 3 unhealthy samples,
which reflects the actual distribution of healthy and
unhealthy samples in the population. Despite a limited
number of samples, meaningful insights can still be obtained
from metagenomic analysis. This approach focused on cap-
turing the diversity of microbial communities rather than
the sheer sample size. The depth of sequencing and the
accuracy in sequence analysis were often considered as
more crucial than the number of samples analysed.

A comparison between visually healthy and unhealthy
seed potatoes revealed significant differences in several
key parameters, shedding light on the microbial dynamics

associated with potato health status. The analysis demon-
strated statistically significant variations in the average
number of filtered reads, as well as the abundance of
Firmicutes and Proteobacteria, between healthy and
unhealthy seed potato samples. The observed differences
in the number of filtered reads between visually healthy
and unhealthy seed potatoes highlight potential differences
in the microbial load and diversity associated with the two
conditions. Visually unhealthy seed potatoes exhibited a sig-
nificantly higher average number of filtered reads com-
pared to healthy samples, suggesting a potential association
between microbial abundance and potato health status. The
PCoA conducted to assess the diversity of microbial commu-
nities associated with healthy and unhealthy tuber samples
also revealed distinct clustering patterns, indicating sig-
nificant differences in the composition and structure of
bacterial communities between the two conditions. The
separation of unhealthy tuber samples into a distinct
cluster from healthy samples on the PCoA plot underscores
the profound impact of tuber health status on the micro-
bial community composition. Also, this finding under-
scores the importance of considering microbial community
dynamics in the context of potato health and diseases.

The data show that the DNA concentration, the
number of sequences, and the number of microbes
detected within the samples vary depending on the healthy
and unhealthy nature of the samples (Table 2). The large
difference in the DNA concentration between healthy and
unhealthy seed potato microbial DNA samples could be
attributed to factors such as microbial load and microbial
composition.
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A large difference in the number of non-chimeric
sequences between healthy and unhealthy seed potato
samples was also observed. The number of ASVs from
Firmicutes was 69,000 + 34,000 in healthy samples and
7,000 + 8,000 in unhealthy samples, showing a significant
difference. Certain pathogens or stress conditions asso-
ciated with unhealthy seed potatoes could drive more con-
sistent changes in the microbial community composition
across samples, which might result in population shifts.

Moreover, our analysis revealed significant disparities
in the abundance of specific bacterial taxa, particularly
Firmicutes and Proteobacteria, between healthy and
unhealthy seed potato samples. Healthy seed potatoes exhib-
ited a notably higher number of ASVs from Firmicutes com-
pared to unhealthy samples, indicating a potential role of
Firmicutes in maintaining potato health. Conversely,
unhealthy seed potatoes showed a significantly higher abun-
dance of ASVs from Proteobacteria, suggesting a potential
association between Proteobacteria and potato disease or
stress conditions.

The observed differences in the abundance of Firmicutes
and Proteobacteria between healthy and unhealthy seed
potatoes underscore the complex interactions between micro-
bial communities and plant health. Firmicutes have been
reported to include beneficial bacteria known for their plant
growth-promoting properties and ability to suppress patho-
gens, which may contribute to the observed association with
healthy seed potatoes. Garbeva et al. [22] detected Firmicutes
within potato tubers by using a culture-based approach. In
cassava, the dominant phylum across all tuber samples was
Firmicutes (Ha et al. [23]). In addition, Firmicutes have been
detected at lower abundance in diseased rhizosphere soil
than in healthy rhizosphere soil (Lee et al. [24]). Consistent
with all of the above findings, this study identified Firmicutes
as a common dominant phylum in healthy potato tubers. The
Firmicutes detected within the healthy tubers included var-
ious Bacillus species (Table S2). Bacillus subtilis can protect
against potato common scab caused by Streptomyces sp.
(Wang et al. [25]; Zhou et al. [26]). Bacillus amyloliquefaciens
inhibits the growth and sporulation of S. scabies and secrete
secondary metabolites against S. scabies (Lin et al. [27]).
Bacillus velezensis inhibits five potato pathogens: Strepto-
myces galilaeus, Phoma foveata, Rhizoctonia solani, Fusarium
avenaceum and Colletotrichum coccodes (Cui et al. [28]). The
Bacillus species detected within the healthy tubers might
therefore be protecting against tuber decay and pathogen
invasion, therefore promoting tuber health; however, this
would need to be confirmed by further research.

In contrast, the higher abundance of Proteobacteria in
unhealthy seed potatoes may reflect a shift towards oppor-
tunistic or pathogenic taxa in response to stress or disease
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conditions. Within the domain bacteria, the phylum pro-
teobacteria constitutes at present the largest and phenoty-
pically most diverse phylogenetic lineage (Kersters et al.
[29]). The highest diversity in bacteria belonging to phylum
Proteobacteria was observed in visually unhealthy tuber
samples, which contained 64 genera (alpha — 11, beta — 23,
gamma - 26, delta — 3, epsilon — 1) (Table S2). Proteobac-
teria has been reported to harbour a large group of meta-
bolic enzymes, which have a strong influence on global
nitrogen and carbon cycles, as well as soil metabolites
due to their great metabolic diversity. These pathogenic
bacteria secrete proteins to adhere to and degrade plant
cell walls, suppress plant defence responses, and deliver
bacterial DNA and proteins into the cytoplasm of plant
cells (Preston et al. [30]). Gammaproteobacterial diversity
and community members have been identified as potential
health indicators (Koberl et al. [31]). Healthy plants have
been associated with an increase in potentially beneficial
Pseudomonas and Stenotrophomonas species, while diseased
plants have been associated with Enterobacteriaceae, known
for their plant-degrading capacity (Kéberl et al. [31]).

In addition, Aridibacter sp., a member of the Acidobacteria
phylum, was detected in small amounts in only one visually
healthy sample. Acidobacteria are typically abundant in soil
habitats, and their detection in seed potato tubers is note-
worthy, although at extremely low abundance. The limited
presence of Acidobacteria in seed potatoes suggests that
these bacteria may play a minor role in the endophytic
microbial community of potatoes, despite their prevalence
in soil environments. Similarly, Actinobacteria were exclu-
sively detected in unhealthy tubers, although comprising
only 0.1% of the total detected bacteria. The phylum
Bacteroidetes was present solely in unhealthy tubers, at
a relatively low abundance of 1.8%. Flavobacterium sp.
have been identified as tuber microbiota responsible for
potato tuber storage stability. They influence sprouting
behaviour by inhibiting potato bud outgrowth (Buchholz
et al. [32]). In this study, Flavobacterium lindanitolerans
belonging to the Bacteroidetes phylum were detected in the
unhealthy tubers. These findings suggest that certain bacterial
taxa may be associated with tuber health status, potentially
indicating their involvement in pathogenic or stress-related
processes.

The detection of chloroplast DNA, categorized as cyano-
bacterial, in small quantities across most samples, with one
sample exhibiting abundant chloroplast DNA, poses inter-
esting considerations. While chloroplasts are naturally pre-
sent in potato tubers, the detection of chloroplast DNA may
reflect the presence of intact chloroplasts or remnants of
chloroplast DNA from potato tissues. The development of
chloroplasts in response to light exposure in peripheral
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cell layers of tubers further underscores the dynamic nature
of chloroplast presence in potato tissues.

Of particular interest is the diversity and abundance of
gamma-proteobacteria within unhealthy tubers, comprising
150 different bacterial species belonging to four families.
Rahnella sp., a member of the Enterobacteriaceae family,
was notably abundant within unhealthy tubers. The pre-
sence of diverse gamma-proteobacteria, including potential
pathogens such as Rahnella sp., highlights the complex
microbial interactions occurring within unhealthy tubers
and their potential implications for tuber health and dis-
ease. A similar observation has been reported for onion,
where Rahnella strains were abundant (17%) in unhealthy
onion bulbs and only 1% in healthy onion bulbs. However,
they are recognized for producing indole compounds that
can promote plant growth (Da Costa et al. [33]).

Furthermore, the detection of Lelliottia species, belonging
to the Enterobacteriaceae family, in both healthy and
unhealthy tubers raises intriguing questions about their
roles and interactions within the potato endophytic micro-
biome. While Lelliottia species are commonly found in
diverse natural environments, food, and water, certain
strains have been implicated in pathogenicity. The detection
of Lelliottia species in both healthy and unhealthy tubers
underscores the need for further investigation into their
potential roles in potato health and disease.

These findings from the metagenomic analysis provide
compelling evidence of the association between tuber health
status and the diversity and structure of microbial commu-
nities. Understanding the dynamics of microbial commu-
nities in relation to tuber health is crucial for elucidating
the mechanisms underlying potato diseases, storage condi-
tions and developing effective management strategies. The
distinct clustering of unhealthy tuber samples may be attrib-
uted to various factors, including changes in environmental
conditions within the tuber microenvironment, alterations
in host plant physiology, and interactions with pathogenic
microorganisms. Unhealthy tubers may create niche envir-
onments that select for specific microbial taxa capable of
colonizing and thriving under conditions of stress or dis-
ease. Conversely, healthy tubers may harbour microbial
communities associated with symbiotic or beneficial inter-
actions that promote tuber health and resilience against
pathogens.

Further investigations into the specific microbial taxa
driving the observed differences between healthy and
unhealthy tuber samples, as well as their functional roles in
tuber health and disease, are warranted. Integration of meta-
genomic, metatranscriptomic, and metabolomic approaches
will enhance our understanding of the complex interactions
between microbial communities and potato health, ultimately
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facilitating the development of targeted interventions for dis-
ease management and sustainable potato production.

The endophytic bacteria present in the seed tubers
may play an important role in seed piece decay, tuberiza-
tion, and plant growth. In addition, pathogen infection had
a greater impact on the bacterial population than the plant
genotype [34]. Knowledge of plant-associated bacteria is
essential not only for understanding their ecological role
and their interaction with plants, but also for future bio-
technological application. Recently, it has been demon-
strated that bacterial endophytes may have beneficial
effects on host plants, such as growth promotion and bio-
logical control of pathogens [35]. This study suggests that
these bacteria detected in healthy tubers might interact more
closely with the host plant and therefore could be efficient
biological control agents in sustainable crop production.

Overall, these findings contribute to a better under-
standing of the taxonomic composition and diversity of
seed potato endophytic bacteria, laying the foundation
for future studies investigating their functional roles and
potential applications in sustainable agriculture. In addition,
this analysis provides valuable insights into the microbial
dynamics associated with seed potato health status and
highlight the potential role of specific bacterial taxa in influ-
encing potato health and productivity. Future studies
exploring the functional roles of these microbial commu-
nities and their interactions with host plants will further
elucidate the mechanisms underlying plant-microbe inter-
actions in agricultural systems, ultimately contributing to
the development of strategies for disease management and
sustainable crop production.

5 Conclusions

In this study, the diversity of endogenous bacterial com-
munities associated with seed potato tubers was analysed.
When compared with the visually healthy tubers, the
unhealthy tubers showed marked changes in the endo-
phytic bacterial community: (1) A shift from a Firmicutes-
rich community to a Proteobacteria-rich community and
(2) increased bacterial diversity.

The potato microbiota is mostly composed of four
dominant bacterial phyla: Actinobacteria, Bacteroidetes,
Firmicutes, and Proteobacteria. Firmicutes and Proteobacteria
represent more than 90% of the total community of healthy
and unhealthy tubers, respectively. Other subdominant phyla
include Acidobacteria, Sacharibacteria, and Tenericutes.
When transitioning from healthy to unhealthy, Proteobacteria
populations outcompete Firmicute populations. While the
implications and functions of these microbial populations
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are not fully clear, alteration of microbiota from Firmicutes
to Proteobacteria-rich populations negatively impacts potato
tuber health and can be used as an indicator.

Acknowledgments: The authors would like to express their
sincere gratitude to the National Science Foundation of Sri
Lanka for the financial support. We also extend our thanks
to the National Plant Quarantine Service of Sri Lanka
for providing the necessary samples for this study. The
authors gratefully acknowledge the valuable assistance
with the DADA2 bioinformatics pipeline provided by Dr
Jenny Draper.

Funding information: This work was supported by the
National Science Foundation of Sri Lanka (Grant No. NSF/
SCH/2015/01).

Author contributions: All authors contributed to the study
conception and design. Material preparation, data collection,
and data analysis were performed by Rajapaksha Welhenage
Piumi Madhushika Rajapaksha and supervised by all co-
authors. The first draft of the manuscript was written by
Rajapaksha Welhenage Piumi Madhushika Rajapaksha and
all authors commented on previous versions of the manu-
script. All authors read and approved the final manuscript.

Conflict of interest: Authors state no conflict of interest.

Data availability statement: The datasets generated during
and/or analysed during the current study are available from
the corresponding author on reasonable request.

References

[11 Devaux A, Goffart JP, Kromann P, Andrade-Piedra J, Polar V,
Hareau G. The potato of the future: opportunities and challenges in
sustainable agri-food systems. Potato Res [Internet]. 2021
Dec;64(4):681-720. doi: 10.1007/511540-021-09501-4. [cited 2022
Nov 30].

Buchholz F, Antonielli LI, Kosti¢ T, Sessitsch A, Mitter BI. The bac-
terial community in potato is recruited from soil and partly inher-
ited across generations. PLoS ONE. 2019;14(11). doi: 10.1371/journal.
pone.0223691. [cited 2022 Dec 17].

Suman A, Nath Yadav A, Verma P. Endophytic microbes in crops:
Diversity and beneficial impact for sustainable agriculture. Microb
Inoculants Sustain Agric Product Vol 1 Res Perspect [Internet]; 2016
Jan. p. 117-43. doi: 10.1007/978-81-322-2647-5_7. [cited 2022 Nov 30].
Liu Y, Morelli M, Koskimaki J), Qin S, Zhu YH, Zhang XX. Editorial:
Role of endophytic bacteria in improving plant stress resistance.
Front Plant Sci. 2022 Dec 6;13:1106701.

[2

E)

[4]

Metagenomic analysis of endophytic bacteria in seed potato = 11

[5]1 Thomas T, Gilbert J, Meyer F. Metagenomics - a guide from sam-
pling to data analysis. Microb Inform Exp [Internet]. 2012
Dec;2(1):3, /pmc/articles/PMC3351745/ [cited 2023 Feb 16].

Sabree ZL, Rondon MR. Handelsman J. Metagenomics.
Encyclopedia of microbiology. 2009;622-32.

Chaudhry V, Sharma S, Bansal K, Patil PB. Glimpse into the gen-
omes of rice endophytic bacteria: Diversity and distribution of fir-
micutes. Front Microbiol. 2017 Jan;7(Jan):2115.

Thomas T, Gilbert J, Meyer F. Metagenomics-a guide from sampling
to data analysis. Microb Informatics Exp. 2012;2(3):2-12. http://
www.microbialinformaticsj.com/content/2/1/3. [cited 2022 Oct 30].
Prodanid A, Tremaroli V, Brolin H, Zwinderman AH, Nieuwdorp M,
Levin E. Comparing bioinformatic pipelines for microbial 165 rRNA
amplicon sequencing. PLoS ONE. 2020;15(1). [cited 2023 Feb 9]
doi: 10.1371/journal.pone.0227434.

Callahan BJ, McMurdie P), Rosen MJ, Han AW, Johnson A,

Holmes SP. DADA2: High resolution sample inference from
amplicon data. bioRxiv [Internet]. 2015 Aug;024034. doi: 10.1101/
024034v1.

Callahan BJ, McMurdie PJ, Holmes SP. Exact sequence variants
should replace operational taxonomic units in marker-gene data
analysis ISME | [Internet]. 2017 Jul;[cited 2023 Apr 30].
11(12):2639-43, https://www.nature.com/articles/ismej2017119.
Callahan BJ, McMurdie PJ, Rosen MJ, Han AW, Johnson AJA,
Holmes SP. DADA2: High-resolution sample inference from
Illumina amplicon data. Nat Methods. 2016;[cited 2023 Apr 30].
13713(7):581-3, https://www.nature.com/articles/nmeth.3869.
Klindworth A, Pruesse E, Schweer T, Peplies J, Quast C, Horn M,
et al. Evaluation of general 16S ribosomal RNA gene PCR primers
for classical and next-generation sequencing-based diversity studies.
Nucleic Acids Res [Internet]. 2013 Jan;41(1):e1-1, https://academic.
oup.com/nar/article/41/1/e1/1164457. [cited 2023 Apr 30].

Martin M. Cutadapt removes adapter sequences from high-
throughput sequencing reads. EMBnet). 2011 May;17(1):10.
Callahan BJ, McMurdie P), Rosen MJ, Han AW, Johnson A,

Holmes SP. DADA2: High-resolution sample inference from
Illumina amplicon data. Nat Methods. 2016;13(7):581-3.

Kielak AM, Barreto CC, Kowalchuk GA, van Veen JA, Kuramae EE.
The ecology of Acidobacteria: Moving beyond genes and genomes.
Front Microbiol. 2016 May;7(May):744.

Tran PN, Md Zogratt MZ, Michalczyk A, Ackland ML. Genome
sequence of lelliottia sp. strain WAP21, isolated from soil in Canola
Fields in Victoria, Australia. Microbiol Resour Announc.
2022;11(5):e01018-21. doi: 10.1128/mra.01018-21. [cited 2023 May 1].
Kémpfer P, Glaeser SP, Packroff G, Behringer K, Exner M,
Chakraborty T, et al. Lelliottia aquatilis sp. Nov., isolated from
drinking water. Int ] Syst Evol Microbiol [Internet]. 2018
Aug;68(8)::2454-61. doi: 10.1099/ijsem.0.002854. [cited 2023 May 1].
Yuk K-J, Kim Y-T, Huh CS, Lee J-H. Lelliottia jeotgali sp. nov., isolated
from a traditional Korean fermented clam. Int ] Syst Evol Microbiol.
2018;68(5):1725-31.

Liu S, Liu T, Wang E, Cheng Y, Liu T, Chen G, et al. Dissecting the
chloroplast proteome of the potato (Solanum Tuberosum L.) and
its comparison with the tuber amyloplast proteome. Plants (Basel).
2022;11(15):1915. doi: 10.3390/plants11151915.

Okamoto H, Ducreux LM, Allwood JW, Hedley PE, Wright A,
Gururajan V, et al. Light regulation of chlorophyll and glycoalkaloid
biosynthesis during tuber greening of potato S. tuberosum. Front
Plant Sci. 2020 Jun;11:753.

(6]

71

(8]

[9

(0]

1]

2]

3]

[14]

(3]

[16]

(7

(18]

)

[20]

[21]


https://doi.org/10.1007/s11540-021-09501-4
https://doi.org/10.1371/journal.pone.0223691
https://doi.org/10.1371/journal.pone.0223691
https://doi.org/10.1007/978-81-322-2647-5_7
http:///pmc/articles/PMC3351745/
http://www.microbialinformaticsj.com/content/2/1/3
http://www.microbialinformaticsj.com/content/2/1/3
https://doi.org/10.1371/journal.pone.0227434
https://doi.org/10.1101/024034v1
https://doi.org/10.1101/024034v1
https://www.nature.com/articles/ismej2017119
https://www.nature.com/articles/nmeth.3869
https://academic.oup.com/nar/article/41/1/e1/1164457
https://academic.oup.com/nar/article/41/1/e1/1164457
https://doi.org/10.1128/mra.01018-21
https://doi.org/10.1099/ijsem.0.002854
https://doi.org/10.3390/plants11151915

12

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

= Rajapaksha Welhenage Piumi Madhushika Rajapaksha et al.

Garbeva P, Van Overbeek LS, Van Vuurde JWL, Van Elsas JD. Analysis
of endophytic bacterial communities of potato by plating and
denaturing gradient gel electrophoresis (DGGE) of 16S rDNA based
PCR fragments. Microb Ecol 2001;41(4):369-83. [cited 2022 Dec 10].
https://link.springer.com/article/10.1007/s002480000096.

Ha J, Gao Y, Zhang R, Li K, Zhang Y, Niu X, et al. Diversity of the
Bacterial Microbiome Associated With the Endosphere and
Rhizosphere of Different Cassava (Manihot esculenta Crantz)
Genotypes. Front Microbiol. 2021 Sep;12:2821.

Lee SM, Kong HG, Song GC, Ryu CM. Disruption of Firmicutes and
Actinobacteria abundance in tomato rhizosphere causes the inci-
dence of bacterial wilt disease. ISME J. 2020 Oct;15(1):330-47. [cited
2022 Dec 16]. https://www.nature.com/articles/s41396-020-00785-x.
Wang Z, Li Y, Zhuang L, Yu Y, Liu J, Zhang L, et al. A rhizosphere-
derived consortium of Bacillus subtilis and Trichoderma harzianum
suppresses common scab of potato and increases yield. Comput
Struct Biotechnol J. 2019 Jan;17:645-53.

Zhou Y, Li Q, Peng Z, Zhang J, Li J. Biocontrol effect of Bacillus
subtilis YPS-32 on potato common scab and its complete genome
sequence analysis. ] Agric Food Chem. 2022 May;70(17):5339-48.
[cited 2022 Dec 17]. doi: 10.1021/acs.jafc.2c00274.

Lin C, Tsai CH, Chen PY, Wu CY, Chang YL, Yang YL, et al. Biological
control of potato common scab by Bacillus amyloliquefaciens Ba01.
PLoS One. 2018 Apr [cited 2022 Dec 17];13(4):e0196520. https://
journals.plos.org/plosone/article?id=10.1371/journal.pone.0196520.
Cui L, Yang C, Wei L, Li T, Chen X. Isolation and identification of an
endophytic bacteria Bacillus velezensis 8-4 exhibiting biocontrol
activity against potato scab. Biol Control. 2020 Feb;141:104156.
Kersters K, De Vos P, Gillis M, Swings J, Vandamme P,
Stackebrandt E. Introduction to the Proteobacteria. The

[30]

31

B2]

331

[34]

[33]

DE GRUYTER

Prokaryotes. 2006;3-37. [cited 2022 Dec 18]. https://link.springer.
com/referenceworkentry/10.1007/0-387-30745-1_1.

Preston GM, Studholme D), Caldelari I. Profiling the secretomes of
plant pathogenic Proteobacteria. FEMS Microbiol Rev. 2005
Apr;29(2):331-60.

Koéberl M, Dita M, Martinuz A, Staver C, Berg G. Members of
Gammaproteobacteria as indicator species of healthy banana
plants on Fusarium wilt-infested fields in Central America. Sci
Reports. 2017 Mar;7(1):1-9. [cited 2023 Sep 3]. https://www.nature.
com/articles/srep45318.

Buchholz F, Junker R, Samad A, Antonielli L, Sari¢ N, Kosti¢ T, et al.
16S rRNA gene-based microbiome analysis identifies candidate
bacterial strains that increase the storage time of potato tubers. Sci
Reports. 2021 Feb;11(1):1-12. [cited 2022 Dec 25]. https://www.
nature.com/articles/s41598-021-82181-9.

Da Costa PB, Granada CE, Ambrosini A, Moreira F, De Souza R, Dos
Passos JFM, et al. A model to explain plant growth promotion traits:
a multivariate analysis of 2,211 bacterial isolates. PLoS One. 2014
Dec;9(12):e116020. [cited 2022 Dec 10]. https://journals.plos.org/
plosone/article?id=10.1371/journal.pone.0116020.

Reiter B, Pfeifer U, Schwab H, Sessitsch A. Response of endophytic
bacterial communities in potato plants to infection with Erwinia
carotovora subsp. atroseptica. Appl Environ Microbiol.
2002;68(5):2261-8. doi: 10.1128/AEM.68.5.2261-2268.2002. [cited
2022 Nov 30].

Morales-Cedefio LR, del Carmen Orozco-Mosqueda M, Loeza-
Lara PD, Parra-Cota FI, de Los Santos-Villalobos S, Santoyo G. Plant
growth-promoting bacterial endophytes as biocontrol agents of
pre- and post-harvest diseases: Fundamentals, methods of appli-
cation and future perspectives. Microbiol Res. 2021 Jan;242:126612.


https://link.springer.com/article/10.1007/s002480000096
https://www.nature.com/articles/s41396-020-00785-x
https://doi.org/10.1021/acs.jafc.2c00274
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0196520
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0196520
https://link.springer.com/referenceworkentry/10.1007/0-387-30745-1_1
https://link.springer.com/referenceworkentry/10.1007/0-387-30745-1_1
https://www.nature.com/articles/srep45318
https://www.nature.com/articles/srep45318
https://www.nature.com/articles/s41598-021-82181-9
https://www.nature.com/articles/s41598-021-82181-9
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0116020
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0116020
https://doi.org/10.1128/AEM.68.5.2261-2268.2002

	1 Introduction
	2 Materials and methods
	2.1 Sample collection
	2.2 DNA extraction
	2.3 Seed potato microbiome analysis

	3 Results
	3.1 Sequence data
	3.2 Microbial diversity analysis

	4 Discussion
	5 Conclusions
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


