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Abstract

BACKGROUND: Towards achievement of sustainable agri-
culture, using microbial inoculants may present promising
alternatives without adverse environmental effects; how-
ever, there are challenging issues that should be addressed
in terms of effectiveness and ecology. Viability and stability
of the bacterial inoculants would be one of the major issues
in effectiveness of microbial pesticide uses, and the changes
within the indigenous microbial communities by the in-
oculants would be an important factor influencing soil
ecology. Here we investigated the stability of the introduced
bacterial strains in the soils planted with barley and its effect
on the diversity shifts of the rhizosphere soil bacteria.

METHODS AND RESULTS: Two different types of
bacterial strains of Bacillus thuringiensis and Shewanella
oneidensis MR-1 were inoculated to the soils planted with
barley. To monitor the stability of the inoculated bacterial
strains, genes specific to the strains (XRE and mirA) were
quantified by qPCR. In addition, bacterial community
analyses were performed using v3-v4 regions of 16S rRNA
gene sequences from the barley rhizosphere soils, which were
analyzed using Illumina MiSeq system and Mothur. Alpha-
and beta-diversity analyses indicated that the inoculated
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rhizosphere soils were grouped apart from the uninoculated
soil, and plant growth also may have affected the soil bacterial
diversity.

CONCLUSION: Regardless of the survival of the introduced
non-native microbes, non-indigenous bacteria may influence
the soil microbial community and diversity.

Key words: Bacillus thuringiensis, Shewanella oneidensis
MR-1, Rhizosphere Bacterial Diversity

Introduction

Microorganisms are ubiquitously found in the four
spheres of the earth. In the soil environment especially for
soils utilized for agricultural activities, its presence is vitally
important as it directly affects the soil health [1]. These
microbes affect soil health as it carries out recycling of
nutrients such as carbon, nitrogen, phosphorus, and sulfur,
that are known to be essential for the growth of plants
[1, 2]. Over the years as population grows higher, there
has been a higher demand for food production. Thus, during
the Green Revolution several technologies were developed
to meet this demand through the enhancement of plant
breeds coupled with the application of inorganic fertilizers
and pesticides. However, the latter has brought about
undesirable consequences especially to the environment as
these chemicals were found to be consistently persistent
that later became environmental contaminants [3-5]. This
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realization has then shifted the goal of sustainable
agriculture to what considers mitigating climate change and
preserving agroecosystem [5, 6]. Different remediation
approaches have been utilized to different environmental
contaminants. Apparently, among those methods, cost
effectiveness is one of the primary factors of consideration
for application, which could be provided by various
microorganisms in the process known as bioremediation
[7-10]. Furthermore, utilization of these microorganisms,
such as plant growth-promoting rhizobacteria (PGPR), also
encourages reduction of reliance to chemical fertilizers and
pesticides by improving the acquisition of nutrients from
soil, releasing of plant hormone regulators, protecting the
roots from pathogens, and improving plant stress tolerance
[11, 12].

Several strains of microorganisms have already been
studied and found to have plant growth promotion effects
and potential degrading capabilities of organic and
inorganic pollutants [3, 13]. The use of microbial inoculants
currently presents promising alternatives towards a
sustainable agriculture without adverse environmental
effects; however, there are some challenges that should
be addressed up-front. Some of these are the viability
and stability of the bacterial inoculants as well as the
changes within the indigenous microbial communities at
which the inoculant is introduced as the soil itself contains
humongous number of microorganisms [13-15].

This study investigated the stability of the added
bacterial inoculants to the soils planted with barley and its
effect onto the composition of resident soil microorganisms.
The bacterial inoculants using Bacillus thuringiensis KCTC
3452 (hereafter represented by Bt) and Shewanella
oneidensis MR-1 were monitored by estimating gene copy
numbers of XRB gene of B thuringiensis KCTC 3452 and
mirA gene from S oneidensis MR-1 after the inoculations.
The XRE gene encoding transcriptional regulator has been
known to be specific to Bt srain [16], while the mtrA gene
that encodes a periplasmic decaheme cytochrome has been
known to be specific to dissimilatory metal-reducing
bacteria such as S, oneidensis MR-1 [17]. In addition, a
comparison of the composition of the resident soil
microorganism prior and after addition of the bacterial
inoculants was also done with 165 rRNA gene sequences
acquired using the Illumina MiSeq sequencing.

Materials and Methods

Plant—soil microcosm setup
The topsoil at about 15 cm depth was collected from

the Jeonbuk National University campus farm. The soils
were immediately transported to the laboratory and used
to fill pots with approximately 1 kg of the soil. To each
pot, 10 surface-sterilized barley (Hordeum vuigare L) seeds
were placed onto the soil surface. The barley seeds were
surface-sterilized with 10% commercial bleach solution and
then washed with sterile water.

For inocula, the strains Bt and MR-1 were grown in
tryptic soy broth (TSB) separately at 30°C and 28°C,
respectively, for 18 h. Cells were collected by centrifugation
at 5,000 xg for 10 min and washed twice with 0.1X PBS
by centrifugation. The bacterial pellets were resuspended
in 0.1X PBS and adjusted to an OD of 0.1 (1.0x10° CFU/mL).
The bacterial suspensions (5mL per each pot) were applied
onto the soil surfaces after a week of seedling emergence
and mixed with a sterile stainless spatula. For the control
set up, only 0.1X PBS without the cells was used at the
same volume. The two inoculated and the control planted
pots were placed under an LED light source with 15 h
of light and 9 h of dark condition at room temperature
(25°C). Three plant-soil microcosm setups were designated
as the control, Bt, and MR-1 (Fig. 1).

From each set up, 0.25 g of non-rhizosphere (pot) soils
were collected with three replicates at 10 days, 20 days,
and 50 days of post inoculations for the gene copy number
analysis, and the rhizosphere soils were collected at time
0 and 30 days for the rhizosphere bacterial community
analysis. The barley plants were harvested at 30 days.
The soils adhered loosely to the roots were removed by
shaking the plants, and approximately 0.25 g of firmly
adhered soils were collected, which was designated as
rhizosphere soil.

Total DNA extraction and quantification of XRB and
mirA genes

DNAs from soil samples were extracted using the
DNeasy PowerSoil Kit (Qiagen, Germany) following the
manufacturer’s instructions. Monitoring of the Bt and
MR-1 strains was performed by quantification of XRE gene
and mtrA gene, respectively. Primer set for XRE gene (XRE
Fwd - AAG ATA TTG CAA GCG GTA AGA T, XRE Rev
- GIT TTG TTT CAG CAT TCC AGT AA; product size
— 246 bp) was referred from the previous article [16], and
the one for m#rA gene MtrA Fwd - CTA AAG GCG CCG
ATT CIT GG, MtrA Rev - TTG CGA CGT GTA CIT GGT
GA; product size — 327 bp) was designed based on the
whole genome sequence of S. oneidensis MR-1 using the
NCBI Primer-BLAST [18].

The quantitative PCR (qPCR) amplification and detection
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control

Fig. 1. The pot experiment showing the setup of the control pot and inoculated pots with Bt and
MR-1 strains. (A) Barley seed pot preparation, (B) Experimental pots under LED culture, (C) Barley
growth after 1 week, (D) Barley growth after 30 days.

were performed in 20-uL reaction solution. Amplification
was performed in triplicates with a negative control. Each
reaction tube was prepared using 10 uL AccuPower 2X
GreenStar qPCR Master mix (Bioneer, Daejeon, Korea),
0.2 uM of forward and reverse primers, 1 yL DNA
template, and deionized water. The qPCR was performed
using CFX Connect™ Real-Time PCR Detection System
(BioRad Laboratories Inc., Hercules, CA, USA) and the
conditions were programmed as follows: initial
denaturation at 95°C for 10 min, followed by 39 cycles
of denaturation at 95°C for 15 sec and annealing at 59°C
for 1 min. The melt curve analysis was set to raise from
65°C to 95°C at 0.3°C increments for 5 sec to test the
specificity of the primer. One standard curve was prepared
for both XRE and mtrA genes since a small difference
in their expected amplicon base pair length. A standard
curve was established following the procedures indicated
by Nogrado et al. [19] and absolute gene copy number
was calculated directly from the extracted plasmid [20].

Microbial community analysis by MiSeq sequencing
and Mothur processing

The concentration of extracted DNA was first measured using
Qubit 3.0 fluorometer (Invitrogen, Carlsbad, CA, USA). The
hypervariable v3-v4 region of the 165 rRNA gene was amplified
using the primer set 341F (5-CCTACGGGNBGCASCAG-3) and
805R (5'-GACTACNVGGGTATCTAATCC-3). The library was
prepared by adding Illumina sequencing adapters and
dual-index barcodes to the amplicon target and sequencing was

performed using paired 300-bp reads on the Illumina MiSeq
platform. The obtained sequences were submitted to the NCBI
(National Center for Biotechnology Information) Sequence Read
Archive (https:/ /www/ncbinlmnih.gov/sra) with accession
numbers SRR13445520, SRR13444976, SRR13445002, and
SRR13445519 under project accession number PRINA692299.

The raw data of fastq was analyzed using Mothur
package (v.1.44.3) [21]. Quality filtering of sequences was
done briefly by generating contigs, removing nucleotide
sequence errors, removing chimeric nucleotide sequences
using VSEARCH, and removing nonbacterial nucleotide
sequences, referring the standard operating procedure
[22]. Nucleotide sequences were aligned against SILVA
database v.132 [23]. Operational taxonomic units (OTUs)
were dassified at the species level with 3% of dissimilarity,
and then dassified using RDP database [24] which resulted
in a total of 49,945 reads in all 4 samples and a total
of 5,432 OTUs.

Results and Discussion

Stability of non—indigenous bacteria by detection
of specific genes

The absolute copy number of m#rA gene decreased
more than 10 folds from 10 days to 20 days (5.67x10°
to 5.29x10%), and approximately 2 folds from 20 days
to 50 days (2.43x10%) (Fig. 2). In case of XRE gene, the
decrease rate was higher from 1.06x10° at 10 days to
non-detectable at 50 days, than that of m#A (Fig. 2).
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Although XRE gene was not detected at 50 days, with
still a high copy number of m#A gene (approximately
four orders of magnitude), looking at the data at 20 days,
the addition of the Bt and MR-1 strains in the microcosms
demonstrated relative stability of added bacterial strains
in soils. An inference to the higher copy number of m#zA
than XRE gene could be due to paralogy of m#zA in S.
oneidensis MR-1 genome, which has over 50% gene
similarity [25, 26].

Diversity indices by plant growth and non—indigenous
bacteria

The effect of adding bacterial inoculants on the soil
resident microorganisms was also determined. Based on
the normalized read numbers using the minimum read
count of 7,605 from the sample TO, the soil sample at
the start of the experiment (T0) showed the highest number
of 1,956 OTUs which decreased after 30 days (T30-Ctrl;
1,770 OTUs), but slight less decreases of OTU counts were
observed in the rhizosphere soils inoculated with Bt
(T30-Bt; 1,822 OTUs) and MR-1 (T30-MR1; 1,799 OTUs)
(Table 1). Chaol index, representing estimated species
richness indicated the similar trend about the non-inoculated
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controls, with the highest value at TO (4,030 OTUs) which
later decreased after 30 days (T30-Ctrl; 3,860 OTUs).
Similarly, the Shannon and inverse Simpson indices,
representing both species richness and evenness showed
higher values at the start of the experiment (T0), and also
indicated decreases in both the control and the inoculated
pots after 30 days, which may suggest that plants may have
affected the diversity loss possibly due to heterotrophic
bacterial growths by plant-derived organic materials.
Interestingly, Shannon and inverse Simpson indices
showed less decrease in the inoculated pots than those in
the control (Table 1), suggesting a potential of non-native
bacterial introduction effect on native microbial community.

Bacterial community by plant growth and non—
indigenous bacteria

Composition of the bacterial communities was
determined and classified into 21 phyla. There was
dramatic increases of phylum Cyanobacteria in all three
samples after 30 days (Fig. 3). Cyanobacteria has been
known to promote plant growth by supplying nutrients
through soil organic carbon amendment and nitrogen
fixation [27]. Although it is speculative for the opposite
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Fig. 2. The copy numbers of XRE and mirA genes per gram of soil, analyzed by

absolute quantification of qPCR.

Table 1. Microbial community diversity indices of soil samples from the pot experiment

Normalized no.

observed species

Sample of sequence Good’s coverage (OTU) Chaol Shannon inverse Simpson
TO 7605 0.8533 1956.0 4029.9 6.568 256.26
T30-Ctrl 7605 0.8612+0.0024 1770.0£15.6 3859.7+144.6 5.944+0.014 59.61+1.36
T30-Bt 7605 0.8688+0.0030 1822.5+20.2 3631.2+155.8 6.485+0.016 240.2446.34
T30-MR1 7605 0.8664+0.0030 1798.7+18.8 3615.2+148.2 6.328+0.015 173.07+4.51
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notion, there may be a potential that plant growth has
increased the Cyanobacteria in the soils and rhizosphere.
Proteobacteria have increased in the incubated soils with
the barley plants, while Acidobacteria was observed to
have decreased. Both Proteobacteria and Acidobacteria
has been known to be dominant in forest soils [28], and
substantial portions of members of FProteobacteria are
heterotrophs, suggesting possible addition of organic
carbon to the soils from the plants.

Heatmap representing sequence abundance at genus
level indicated that only several genera were dominant
with most of genera in minor ratios, by visualizing the
top 40 genera among the total 307 genera (Fig. 4). The
dominant bacterial genera also appeared to be correlated
somewhat with each other, indicated by the vertical
dendrogram. The horizontal dendrogram correlating the
samples based on Bray-Curtis dissimilarity showed the
similar results with those from diversity indices (Table
1) and community distribution at phylum level (Fig. 3).
The initial soil (T0) was most different from the planted
soils, regardless of non-indigenous inoculations, after 30
days of incubation. Also, the inoculated soils (T30-MR1,

T30-Bt) were differentiated from the uninoculated soil
(T30-ctrl), which was suggestive that addition of external
bacteria had an effect on the composition of soil microbial
community in the rhizosphere at least in this study under
controlled laboratory conditions.

Beta—diversity analyses

Dissimilarity distances among the samples calculated by
Yue & Clayton theta distance [29] were visualized by
principal coordinates analysis (PCoA) and non-metric
multidimensional scaling (NMDS) (Fig. 5). The rhizosphere
soil bacterial communities from the inoculated pots (T30-Bt,
T30-MR1) formed a group, apart from the initial soil (T0)
and the uninoculated rhizosphere soil (T30-ctr]) in both PCoA
and NMDS. This might help explain differentiation of
non-native bacteria introduction to soils from uninoculated
rhizosphere soil. Based on the UniFrac analysis that compares
similarity of the samples by incorporating phylogenetic
distances of the microorganisms [30], the communities from
the inoculated rhizosphere soils (T30-Bt, T30-MR1) were
separated from the initial (T0) and uninoculated (T30-ctrl)
soils (Fig. 6), which was similar with the results from
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analyses.

community distribution (Fig. 3, 4) and ordination analyses
(Fig. 5). This is also suggestive of non-native bacterial
introduction effect on the rhizosphere soils.

Effect of non—indigenous bacteria introduction

It is important to note that the sequences of the inoculated
Bacillus and Shewanella were not detected. This suggests
that bacterial inoculants were unsuccessful to colonize the
rhizosphere. Also, the specific genes, XRE and m#rA of
the inoculated Bacillus and Shewanella, decreased in
detected copy numbers over time. Nonetheless there were
bacterial diversity separations between the inoculated and
uninoculated soils, identified by heatmap, ordination, and
UniFrac analyses. This might suggest that introduction of
non-native microbes may have influences on the soil
microbial community and diversity, even though the
introduced microorganisms do not survive long or colonize
dominantly.

Viability of the introduced bacteria in the soil
environment would be one of the major issues for certain
purposes, such as microbial pesticides. Colonization of
the bacterial inoculants on the rhizosphere would be a
challenge, particularly if the bacterial strain is added for
plant-growth promoting activities. Other factors such as

appropriate carrier of the bacterial inoculum as well as
method of application should be taken into consideration,
which will aid the survival of the bacterial strain in the
soil environment [11].

Note

The authors declare no conflict of interest

Acknowledgement

This study was funded by the Cooperative Research
Programs for Agricultural Science and Technology
Development (Project No. PJ015716032021), Rural
Development Administration, Republic of Korea.

References

1. Gupta A, Gupta R, Singh R (2017) Microbes and
Environment. in: Singh R, Principles and applications of
environmental biotechnology for a sustainable future. pp.
43-84, Springer, Singapore. ISBN: 978-981-10-1866-4.

2. Wilpiszeski R, Aufrecht J, Retterer S, Sullivan M, Graham
D, Pierce E, Zablocki O, Palumbo A, Elias D (2019) Soil
aggregate microbial communities: Towards understanding
microbiome interactions at biologically relevant scales.
Applied and Environmental Microbiology, 85, e€00324-00319.
https: / /doi.org/10.1128/ AEM.00324-19.

3. Ahmad M, Pataczek L, Hilger TH, Zahir ZA, Hussain
A, Rasche F, Schafleitner R, Solberg S (2018) Perspectives
of microbial inoculation for sustainable development and
environmental management. Frontiers in Microbiology,
9, 2992. https:/ /doi.org/10.3389/ fmicb.2018.02992.

4. Carvalho FP (2017) Pesticides, environment, and food
safety. Food and Energy Security, 6, 48-60.
https:/ /doi.org/10.1002 /fes3.108.

5. Wu F, Butz WP (2004) The future of genetically modified
crops: Lessons from the green revolution, pp. 11-38, Ist
edition, RAND Corporation, Santa Monica, CA.

6. M. Tahat M, M. Alananbeh K, A. Othman Y, 1. Leskovar
D (2020) Soil health and sustainable agriculture. Sustain-
ability, 12, 4859. https:/ /doi.org/10.3390/su12124859.

7. Ajiboye TO, Kuvarega AT, Onwudiwe DC (2020) Recent
strategies for environmental remediation of organochlorine
pesticides. Applied Sciences, 10, 6286.
https:/ /doi.org/10.3390/app10186286.

8 Liu L, Li W, Song W, Guo M (2018) Remediation
techniques for heavy metal-contaminated soils: Principles
and applicability. Science of The Total Environment, 633,



Effect of Non-indigenous Bacterial Introductions on Rhizosphere Microbial Community 201

206-219. https:/ /doi.org/10.1016/j.scitotenv.2018.03.161.

9. Thakur M, Medintz IL, Walper SA (2019) Enzymatic

bioremediation of organophosphate compounds—Pro-
gress and remaining challenges. Frontiers in Bioen-
gineering and Biotechnology, 7, 289.

https: / /doi.org/10.3389 / fbioe.2019.00289.

10. Yan W, Xiao Y, Yan W, Ding R, Wang S, Zhao F (2019)
The effect of bioelectrochemical systems on antibiotics
removal and antibiotic resistance genes: A review.
Chemical Engineering Journal, 358, 1421-1437.
https:/ /doi.org/10.1016/j.cej.2018.10.128.

11. Backer R, Rokem ]S, Ilangumaran G, Lamont ],
Praslickova D, Ricci E, Subramanian S, Smith DL (2018)
Plant growth-promoting rhizobacteria: Context, mecha-
nisms of action, and roadmap to commercialization of
biostimulants for sustainable agriculture. Frontiers in
Plant Science, 9, 1473.
https:/ / doi.org/10.3389/fpls.2018.01473.

12. Jacoby R, Peukert M, Succurro A, Koprivova A, Kopriva
S (2017) The role of soil microorganisms in plant mineral
nutrition—Current knowledge and future directions.
Frontiers in Plant Science, 8, 1617.
https:/ / doi.org/10.3389/fpls.2017.01617.

13. Malla MA, Dubey A, Yadav S, Kumar A, Hashem A,
Abd_Allah EF (2018) Understanding and designing the
strategies for the microbe-mediated remediation of
environmental contaminants using omics approaches.
Frontiers in Microbiology, 9, 1132.
https:/ / doi.org/10.3389/fmicb.2018.01132.

14. Timmusk S, Behers L, Muthoni ], Muraya A, Aronsson
A-C (2017) Perspectives and challenges of microbial
application for crop improvement. Frontiers in Plant
Science, 8, 49. https:/ /doi.org/10.3389/ fpls.2017.00049.

15. Trabelsi D, Mhamdi R (2013) Microbial inoculants and
their impact on soil microbial communities: A review.
BioMed Research International, 2013, 863240.
https:/ /doi.org/10.1155/2013 /863240.

16. Wei S, Chelliah R, Park B-J, Kim S-H, Forghani F, Cho
MS, Park D-S, Jin Y-G, Oh D-H (2019) Differentiation
of Pacillus thuringiensis from Pacillus cereus group
using a unique marker based on real-time PCR. Frontiers
in Microbiology, 10, 883.
https:/ / doi.org/10.3389 / fmicb.2019.00883.

17. Pitts KE, Dobbin PS, Reyes-Ramirez F, Thomson AJ,
Richardson DJ, Seward HE (2003) Characterization of
the Shewanella oneidensis MR-1 decaheme cytochrome
MitrA: Expression in Escherichia coli confers the ability
to reduce soluble Fe(Ill) chelate. Journal of Biological
Chemistry, 278, 27758-27765.

18.

19.

20.

21.

24,

25.

26.

https:/ /doi.org/10.1074/jbc.M302582200.

Ye J, Coulouris G, Zaretskaya I, Cutcutache I, Rozen
S, Madden TL (2012) Primer-BLAST: A tool to design
target-specific primers for polymerase chain reaction.
BMC Bioinformatics, 13, 134.

https: / /doi.org/10.1186/1471-2105-13-134.

Nogrado K, Lee S, Chon K, Lee J-H (2019) Effect of
transient exposure to carbaryl wettable powder on the
gut microbial community of honey bees. Applied Bio-
logical Chemistry, 62, 6.

https:/ /doi.org/10.1186/s13765-019-0415-7.

Ritalahti KM, Amos BK, Sung Y, Wu Q, Koenigsberg
SS, Loffler FE (2006) Quantitative PCR targeting 165
rRNA and teductive dehalogenase genes simultaneously
monitors multiple Dehalococcoides strains. Applied and
Environmental Microbiology, 72, 2765-2774.

https:/ /doi.org/10.1128 / AEM.72.4.2765-2774.2006.
Schloss PD, Westcott SL, Ryabin T, Hall JR, Hartmann
M, Hollister EB, Lesniewski RA, Oakley BB, Parks DH
et al. (2009) Introducing mothur: Open-source, platform-
independent, community-supported software for de-
scribing and comparing microbial communities. Applied
and Environmental Microbiology, 75, 7537-7541.
https:/ /doi.org/10.1128 / aem.01541-09.

. Kozich J], Westcott SL, Baxter NT, Highlander SK, Schloss

PD (2013) Development of a dual-index sequencing
strategy and curation pipeline for analyzing amplicon
sequence data on the MiSeq Illumina sequencing
platform. Applied and Environmental Microbiology, 79,
5112-5120. https://doi.org/10.1128/aem.01043-13.

. Quast C, Pruesse E, Yilmaz P, Gerken ], Schweer T, Yarza

P, Peplies ], Glockner FO (2013) The SILVA ribosomal
RNA gene database project: Improved data processing
and web-based tools. Nudeic Acids Research, 41,
D590-596. https:/ /doi.org/10.1093 /nar/ gks1219.

Cole JR, Wang Q, Fish JA, Chai B, McGarrell DV, Sun
Y, Brown CT, Porras-Alfaro A, Kuske CR et al. (2013)
Ribosomal database project: Data and tools for high
throughput rRNA analysis. Nucleic Acids Research, 42,
D633-D642. https:/ /doi.org/10.1093 /nar/ gkt1244.
Coursolle D, Gralnick ] (2012) Reconstruction of
extracellular respiratory pathways for iron(IIl) reduction
in Shewanella oneidensis strain MR-1. Frontiers in
Microbiology, 3, 56.

https:/ /doi.org/10.3389/ fmicb.2012.00056.

Coursolle D, Gralnick JA (2010) Modularity of the Mtr
respiratory pathway of Shewanella oneidensis strain
MR-1. Molecular Microbiology, 77, 995-1008.

https:/ /doi.org/10.1111/}.1365-2958.2010.07266.x.



202

Nogrado et al.

27.

28.

Prasanna R, Chaudhary V, Gupta V, Babu S, Kumar
A, Singh R, Shivay YS, Nain L (2013) Cyanobacteria
mediated plant growth promotion and bioprotection
against Fusarium wilt in tomato. European Journal of
Plant Pathology, 136, 337-353.

https:/ / doi.org/10.1007 /s10658-013-0167-x.

Miyashita NT (2015) Contrasting soil bacterial com-
munity structure between the phyla Adidobacteria and
Proteobacteria in tropical Southeast Asian and temper-
ate Japanese forests. Genes Genet Syst, 90, 61-77.

29.

30.

https:/ /doi.org/10.1266/ ggs.90.61.

Yue JC, Clayton MK (2005) A similarity measure based
on species proportions. Communications in Statistics -
Theory and Methods, 34, 2123-2131.

https:/ / doi.org/10.1080/STA-200066418.

Lozupone C, Lladser ME, Knights D, Stombaugh ],
Knight R (2011) UniFrac: an effective distance metric
for microbial community comparison. The ISME Journal,
5, 169-172. https:/ /doi.org/10.1038 /ismej.2010.133.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /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 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


