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Abstract: Amplicon sequencing of functional genes
is a powerful technique to explore the diversity and
abundance of microbes involved in biogeochemical
processes. One such key process, denitrification, is of
particular importance because it can transform
nitrate (NOs-) to N. gas that is released to the
atmosphere. In nitrogen limited alpine wetlands,
assessing bacterial denitrification under the stress of
wetland desertification is fundamental to understand
nutrients, especially nitrogen cycling in alpine
wetlands, and thus imperative for the maintenance of
healthy alpine wetland ecosystems. We applied
amplicon sequencing of the nirS gene to analyze the
response of denitrifying bacterial community to
alpine wetland desertification in Zoige, China. Raw
reads were processed for quality, translated with
frameshift correction, and a total of 95,316 nirS gene
sequences were used for rarefaction analysis, and 1011
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OTUs were detected and used in downstream analysis.
Compared to the pristine swamp soil, edaphic
parameters including water content, organic carbon,
total nitrogen, total phosphorous, available nitrogen,
available phosphorous and potential denitrification
rate were significantly decreased in the moderately
degraded meadow soil and in severely degraded sandy
soil. Diversity of the soil nirS-type denitrifying
bacteria communities increased along the Zoige
wetland desertification, and Proteobacteria and
Chloroflexi were the dominant denitrifying bacterial
species. Genus Cupriavidus (formerly Wautersia),
Azoarcus, Azospira, Thiothrix, and Rhizobiales were
significantly (P<0.05) depleted along the wetland
desertification succession. Soil available phosphorous
was the key determinant of the composition of the
nirS gene containing denitrifying bacterial
communities. The proportion of depleted taxa
increased along the desertification of the Zoige
wetland, suggesting that wetland desertification
created specific physicochemical conditions that
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decreased the microhabitats for bacterial denitrifiers
and the denitrification related genetic diversity.
Keywords: Wetland desertification; Amplicon
sequencing; nirS bacteria; Differential abundance
analysis

Introduction

Denitrification is an important microbial
controlling pathway that removes excess nitrogen
from wetland ecosystem. This anaerobic
transformation reduces nitrate to nitrogen gas
from nitrite, nitric oxide, and nitrous oxide that is
generated in the denitrification process (Ward
2013). Wetlands and other water environments are
'key points' of nitrogen removal, in which the N
loading from terrestrial environment were reduced
(Veraart et al. 2017). Based on a meta-analysis,
nitrogen rather than other nutrients was the key
determinants in mediating the denitrification
process in diverse aquatic environments, including
wetlands, sediments, wastewater, oceans, and

estuaries (Pina-Ochoa and Alvarez-Conbelas 2006).

Although the abundance, diversity, and
distribution of bacteria and archaea in alpine
wetlands ecosystems has been reported (Yun et al.
2012), the abundance, diversity, and distribution of
denitrifiers in alpine wetland ecosystems have
received little attention.

Being widely distributed in unrelated
phylogenetic groups, the commonly used 16S rRNA
gene is not suitable for composition analysis of
denitrifying bacterial communities (Veraart et al.
2017). Fortunately, several functional genes such as
nirS, nirK, cnorB, gnorB, and nosZ, involved in the
denitrification pathway, were successfully used as
marker genes to study the denitrifying bacterial
communities in natural environments (Wang et al.
2017; Yu et al. 2018). Among the proteins encoded
by these genes involved in the denitrification
process, two NiR enzymes with distinct structures
but similar functions have been described. One is a
cytochrome cdi heme type reductase (NirS)
encoded by nirS, and the other is a copper-
oxidoreductase (NirK) encoded by nirK. The two
enzymes are mutually exclusive as no denitrifier
has been found to carry both types in their genome
(Jones and Hallin 2010). Variations of the
denitrifying bacterial community composition are
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often reported by using these functional genes as
marker genes (Kim et al. 2011). Denitrifiers
containing nirS and nirK gene were observed to be
environment-specific in their distribution (Gao et
al. 2017), and the prevalence of nirS and nirK
denitrifying bacteria is closely related to the
dissolved oxygen condition, with the former lower
redox conditions (Gao et al. 2017). Furthermore,
functional gene nirsS is the more widely distributed
gene in environment and is present in over 70% of
known denitrifiers thus it is more suitable for
revealing the diversity and composition of
denitrifying bacteria community (Lisa et al. 2017).
As an ecologically vulnerable area, sensitive to
climate change, Qinghai—Tibet Plateau (QTP) is an
appropriate habitat to study the dynamics of
nitrogen biogeochemical cycling in response to
climate change (Kato et al. 2006). Zoige wetland in
the QTP is a typical cold wetland, distinct from the
boreal wetlands due to its location in low latitudes
and a high altitude of 3400—-3600 m. In the past 40
years, this world’s largest plateau peatland has
experienced severe desertification because of
climate change and intensive anthropogenic
disturbance, including drainage, over grazing, and
peat harvesting (Wu et al. 2016). Zoige wetland
desertification succession involves three stages:
pristine swamp wetland is firstly changed into wet
meadow and then into desertified land (Huo et al.
2013). Previously, we investigated the Zoige alpine
wetland nirS-type denitrifying bacterial
community composition using terminal restriction
fragment length polymorphism (T-RFLP), clone
libraries and Sanger sequencing (Gu et al. 2017).
However, as has been the case in many other
environmental studies of denitrifying bacteria
based on clone libraries (Abell et al. 2013), these
methods fell short of covering the highly diverse
and complex denitrifier communities present in
wetlands and sediments. Our previous study
showed that the dominant denitrifying bacterial
species in the soils at different stages of the Zoige
plateau wetland desertification were similar;
differences were attributed to a few rare species,
which suggested that these rare species may be
critical for mediating the denitrification process in
the plateau wetland desertification (Gu et al. 2017).
Recently, amplicon sequencing has been
applied in studying the nirS denitrifying bacterial
communities in various environments. For
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example, Lee and Francis (2017) investigated the
distribution and dynamics of denitrifying
communities in San Francisco Bay, and Wang et al.
(2017) analyzed the diversity and community
composition of denitrifiers in tannery wastewater
treatment plants. Thus, to deeply understand the
response of the diversity and composition of nirS
functional gene community to the Zoige plateau
wetland desertification, amplicon sequencing of the
nirS gene was performed to further explore the
diversity and composition of the nirS-type
denitrifying bacterial community. Our aim was to
(1) deeply understand the variation of the nirS gene
community composition in soils related to the
Zoige wetland desertification, (2) analyze the
specific taxa significantly affected by wetland
desertification, and (3) reveal the relationships
between specific taxa and soil properties. We
hypothesized that (i) the nirS-type denitrifying
bacterial communities in the pristine soil would be
more diverse than those found in the degraded soil
due to the deterioration of soil nutritional
conditions, and (ii) certain nirS denitrifying
bacterial taxa would be enriched or depleted by the
wetland desertification.

1 Materials and Methods

1.1 Soil sampling

The Zoige alpine wetland is located at the
northern edge of Sichuan province, China, between
32°20'-34°00'N and 101°30'-103°30'E (Appendix
1), at the convergence of the East Asian Monsoon
and Indian Summer Monsoon systems in Eastern
Asia. Zoige wetland is well known as the “Yellow
River reservoir” because it supplies up to 35% of
the Yellow River's water in the dry season. The
average altitude of this area is approximately 3500
m, and the mean annual precipitation is
approximately 654 mm (Cui and Graf 2009). More
than half of the precipitation (ca. 52%) is delivered
from June to August due to the influence of warm
and wet air from southwesterly and southeasterly
monsoons. The mean relative humidity is
approximately 69%, and the frost period lasts five
to six months (Cui and Graf 2009). The variation in
the soil water content that ranges from 30% to 90%
is closely related to the natural slope, the soil depth

and wetland types (e.g., the swamp, the meadow
and the sandy area), and is also influenced by the
vegetation coverage and the peat layer thickness.

The three stages of the Zoige wetland
desertification are characterized by three different
soils (Gu et al. 2017). The pristine swamp soil was
covered with water all year round, and the
dominant plant species were hydrophytes and
sedge hydro-mesophytes like Carex muliensis,
Carex lasiocarpa and Carex meyeriana.
Mesophytes and hydro-mesophytes (Kobresia
tibetica) characterized the meadow soil that was in
a humid state. Only some Psammophytes grew in
the desertificated sandy soil. The parent materials
of swamp soil, meadow soil, and sandy soil were
homogeneous silt clay and triassic slate residues,
sandstones and siltstone, and aeolian material,
respectively (Huo et al. 2013).

Briefly, three soil cores below the litter layer at
0-20 cm were collected using a steel corer and
mixed into one homogenized composite sample
(about 1.5 kg). Roots were removed prior to
homogenizing the soil. The corer was sterilized
using 70% ethanol between samplings. Soil
samples were stored in Minigrip bags on ice and
transported to the laboratory. The homogenized
soils were divided into two parts: one for soil
physicochemical properties analyses, and the other
for total DNA isolation. The latter were stored at
-80°C.

1.2 Soil edaphic properties and potential
denitrification capacity

Soil edaphic properties were analyzed as
previously described (Gu et al. 2017). Briefly, soil
pH was determined in a soil-to-water ratio of 1:5,
and soil organic carbon was analyzed by
dichromate oxidization method. Soil gravimetric
water was measured using an oven-drying method.
Soil total nitrogen and available nitrogen were
analyzed by Kjeldahl digestion and alkaline
hydrolysis diffusion method, respectively. Soil total
phosphorus and available phosphorus, total
potassium and available potassium were assessed
with molybdenum blue method and flame
photometry method, respectively. Potential
denitrification capacity was estimated following the
method described by Dambreville et al. (2006).
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1.3 Soil microbial DNA extraction

Soil total DNA was extracted from o0.5g
homogenized soil with the FastDNA Spin Kit for
Soil (MP Biomedicals, Solon, OH, USA) according
to the manufacturer's instructions. AxyPrep DNA
Gel Extraction Kit (Axygen Biosciences, Union, CA,
USA) was used to purify the DNA. The purified
DNA was quantified using a Qubit 2.0
spectrophotometer (Invitrogen, Carlsbad, CA,
USA). The extracted DNA was stored at -25°C.

1.4 Preparation of nirS gene amplicon
library and sequencing

An approximately 450 bp nirS fragment was

amplified using the primers cd3aF (5-
GTSAACGTSAAGG-ARACSGG-3") with a unique 8-
mer barcode and R3ced (5™-

GASTTCGGRTGSGTCTTGA-3) (Smith et al. 2007).

Primers were produced by Shangon Biotech
(Shanghai, PR China). PCR amplification was done
in triplicate with an ABI GeneAmp® 9700 PCR
System in a total volume of 50 pl. PCR reaction
mixture consisted of 5 pl of 10 x Ex Taq Buffer, 2 ul
of ANTP Mix (2.5 mM each), 0.5 ul of each primer
(10 uM), 5 ul of template DNA (20 ng/ul), 31.5 ul of
double distilled water (ddH.O) and 2.5 U of Taq
DNA polymerase (TAKARA, Otsu, Shiga, Japan).
The nirS gene PCR procedure was 4 min at 94°C,
followed by thirty-two cycles of 20 s at 94°C, 20 s
at 55°C, and 30 s at 72°C, and a final extension at
72°C for 10 min.

The triplicate PCR products were pooled,
purified with PCR Clean-up Purification Kit (MP
Biomedicals, California, USA), and quantified
using Qubit 2.0 fluorometer (Invitrogen, Carlsbad,
CA, USA). Amplicon sequencing targeting the nirS
gene was done using 454 pyrosequencing on a GS-
FLX platform (454 Life Sciences/Roche, Branford,
CT, USA) at Macrogen (Seoul, South Korea). The
amplicons of nirS gene were sequenced and
processed with the shotgun protocol. All 454
sequence data from this study were deposited to
NCBI Sequence Read Archive (SRA) under the
accession no. SUB3738482.

1.5 Sequencing data analyses

QIIME quality filter was applied to select reads
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with phred-quality score higher than 20 and length
over 300 bps for further analyses, and UCHIME
with de novo strategy was used to detect and
remove the chimeric sequences (Caporaso et al.
2012). FrameBot tool was applied to adjust the
frame shift errors (Wang et al. 2013). The nirS gene
reads were subsequently translated into deduced
amino acid sequences (DACS).

To determine the DACS clustering threshold,
we established a linear regression model between
16S rRNA genes and nirS DACS. We firstly
downloaded all nirS DACS derived from isolates
from FunGenes database, and then matched them
with corresponding 16S rRNA genes downloaded
from GenBank database using an in-house Python
script. We filtered those sequence pairs with
ambiguous matching, and with invalid sequence
length (nirS DACS: 120-143 residues; 16S rRNA
genes: 1450-1650 bps) during matching. Sixty-
seven sequence pairs were retained for regression
analysis after filtering. ARB software package
version 5.5 was used to calculate sequence
dissimilarity matrix (D) for both DACS and 16S
rRNA gene sequences (Ludwig et al. 2004). The
similarity matrices were calculated with equation:
S=1-D, and used to establish linear regression
model in R. Based on the regression model, we
calculated the nirS DACS clustering cutoffs at each
classification level. Using UCLUST pipeline, the
nirS DACS were clustered into OTUs at 95%
sequence similarity. The representative sequences
were picked using an in-house Python script with
an algorithm similar with QIIME pipeline.

To accurately assign nirS OTUs, we firstly
combined representative sequences with reference
nirS DACS downloaded from FunGenes database.
Then we clustered the combined sequence set at 83%
sequence similarity (Family level) using UCLUST
algorithm. The sequences were clustered and
assigned into OTUS at the family level with an in-
house Python script. For a particular cluster, we
proceeded to next parsing when no representative
sequence was detected. When no reference
sequence was detected, OTUs were assigned using
an artificial number. For representative sequences
that could be clustered with more than one
reference, one of the references was randomly
selected to assign these OTUs. The OTU abundance
table was generated based on OTU clustering and
assignment results with Python script. A depth of
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1515 tags per sample (totally 95,316 sequences for
all three soils) was applied in rarefaction analysis
and resampling, and 1011 OTUs were detected and
used in downstream analysis (Appendix 2). Alpha
diversity indices were calculated using QIIME
pipeline based on resampled OTU abundance table.

1.6 Statistical analyses

Soil properties were compared using random
permutation test, and further used to perform
principal component analysis (PCA) to assess
differences among soils. After calculating the
relative abundances of taxa at family level,
principal coordinates analysis (PCoA) was used to
assess community composition in the soils on the
basis of Bray-Curtis dissimilarities with package
vegan (Oksanen et al. 2018) in R (R Development
Core Team 2010). Distance based redundancy
analysis (dbRDA) was performed to determine
factors driving community variation. Effect
significance of the dbRDA model factors was
calculated using “permutest” function with a
maximum of 999 permutations in R package vegan.
The goodness of fit for each edaphic factor was
tested using “envfit” function with 999
permutations in R package vegan. The
relationships between soil edaphic properties and
nirS gene community composition were evaluated
using Mantel test.

The R package DESeq2 was applied to analyze
differential abundances at family level (Love et al.
2014). Differential abundance analysis was
performed using a Wald test (Love et al. 2014).
False discovery rate (FDR) control based on the

Benjamini-Hochberg procedure was used to correct
for multiple testing (Love et al. 2014). Taxa with
significant abundance change were assumed as
taxa with FDR-adjusted P < 0.1 and absolute
differential abundance >1.0. Differentially
abundant taxa were picked out to construct a
phylogenetic tree. To minimize the phylogenetic
tree, we randomly selected one representative
sequence from the sequence pool of each taxon
using a Python script. The sequences were aligned
against nirS reference sequences using BLAST (e
value: 1e-5). The reference sequences with best
alignment were combined with query sequences,
and neighbor-joining tree was generated and
monitored with 1000 replicates for bootstrap
testing using MEGA7 (Kumar et al. 2016) and
visualized using iTOL with a web interface.

2 Results

2.1 Edaphic properties and potential
denitrification rates (PDR)

Soil water content (WC), organic carbon
content (SOC), and concentration of total nitrogen
(TN), total phosphorous (TP), and available
nitrogen (AN) and available phosphorus (AP)
decreased as the swamp soil desertificated to sandy
soil (P<0.05) (Table 1). Soil pH and total and
available potassium (TK, AK) were highest in the
meadow soil. Soil pH was lowest in the sandy soil.
Soil TK concentration was lowest in the swamp soil,
and AK was lowest in the sandy soil. The highest
potential denitrifying rate (PDR) was determined

Table 1 Physicochemical parameters of soil samples from Zoige plateau wetland

Soil WC (%) pH SOC TN TP TK AN AP AK

codes g.kg mg.kg!

SW1 74.96+0.33a 7.53+0.02a 279.14+2.77a 5.15+0.44a 1.43+0.13a 7.44+0.452 993.00+14.65a 26.01+1.36a 99.83+0.79a
SW2 76.53+2.34a 7.66+0.01a 283.09+4.30a 5.71+0.03a 1.41+0.00a 6.79+ 0.10a 1079.43+4.04a 22.63+0.16a 96.67+0.83a
SW3 79.40+1.36a 7.56+0.01a 281.25+5.67a 5.29+0.15a 1.32+0.01a 7.30+0.09a 1025.88+7.00a 24.72+1.40a 98.33+2.83a
MD1 16.12+0.82¢ 7.84+0.01b 66.34+1.88c 3.22+0.36¢c 0.98+0.11c 21.34+1.57C 246.33+6.11C  12.40+0.14¢ 365.42+4.37¢C
MD2 14.59+0.12¢ 7.75+0.01c 55.69+1.54b 2.99+0.34b 0.44+0.05c 23.13+0.44C 195.32+5.05¢ 11.87+0.29c 103.14+4.25¢
MD3 16.56+0.71c 7.98+0.01c 72.83+1.47b  3.67+0.41c 0.95+0.33c 22.25+0.23C 277.35+7.65C 11.17+0.23b  443.45+5.28¢
SD1 7.23t0.51d 6.74+0.02c 8.55+0.24d  0.86+0.15d 0.84+0.01d 17.73+0.44d 65.44+3.03d 4.52+0.76d 51.24+0.44d
SD2 7.01+0.31d  6.71+0.01d 8.24+0.17¢ 0.81+0.01¢c 0.76+0.11d 16.66+0.19d 61.23+2.14d  3.45+0.12d 33.42+1.13d

SD3 6.89+0.51d 6.71+0.01d 8.02+0.06c  0.79+0.03d 0.72+0.03d 16.89+0.14d 41.22+1.12d 3.78+0.15¢  41.27+2.55d

Notes: Mean + standard error (n=3). Values within the same column followed by the same letter do not differ at P <
0.05. WC: water content; SOC: soil organic carbon; TN: total nitrogen; TP: total phosphorus; TK: total potassium;
AN: available nitrogen; AP: available phosphorus; AK: available potassium. AK: available potassium; SW: swamp;

MD: meadow soil; SD: sandy soil.
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Table 2 Potential denitrifying rate (PDR) of the three soils associated with Zoige wetland desertification.

SW1 SW2 SW3 MD1

MD2 MD3 SD1 SD2 SD3

PDR (ng N-O-N 33.52+2.1 52.77+3.5 48.63+2.3 17.25+4.1 19.39+2.4 20.17+1.17 14.52+0.2 12.13+0.7 8.78+1.0

gtdsh) 4a 3a 7a 4¢

For sample codes, see Table1.
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Figure 1 Relative abundances of the most abundant phyla (A) and classes (B) in the soils associated with the Zoige
wetland desertification. 'Others' refer to taxa less abundant than the most abundant taxa. SW: swamp soil; MD:

meadow soil; SD: sandy soil.

in pristine swamp soil while lowest in the sandy
soil (Table 2).

2.2 Diversity and composition of nirS-type
denitrifying bacterial community

Amplicon sequencing of the nirS gene resulted
in 95,316 sequences with an average sequence
length of 367+3 bp. The Good’s coverage for all the
samples were >90%, suggesting that the numbers
of sequences were sufficient for diversity analysis
(Appendix 3). Significant differences were observed
in OTU numbers (P<0.01) and Shannon- wiener
index (P < 0.01) (Appendix 4). Both the Shannon-
wiener index and OTU numbers were lowest in
pristine swamp soil and highest in sandy soil. In
the principal component analysis, the first axis
explained 73.12% of the variation and separated
the communities in pristine swamp soils from
those in the degraded meadow and sandy soils
(Appendix 5). The other axis explained 22.32% of
the variation and separated the sandy soil
communities from meadow soil communities.

Proteobacteria was the most abundant
phylum (Figure 1A). The phyla with relative
abundance over 0.01 included Clusteri58,
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Cluster165, and Chloroflexi. Betaproteobacteria
accounted 0.32 to 0.36 of the relative abundance of
Proteobacteria, followed by
Gammaproteobacteria (0.27 to 0.38) and
Alphaproteobacteria (0.01to 0.03) (Figure 1B).

2.3 Differential abundance analysis

Taxa that were significantly affected by
wetland  desertification were identified by
differential abundance analysis. Enriched taxa (e-
taxa) and depleted taxa (d-taxa) were defined as
taxa with more than two times higher or lower
relative abundance (P<0.05) when comparing
samples. Altogether seventeen differentially
abundant taxa were detected at family level (Figure
2).

Compared with the pristine swamp soil, three
e-taxa (Nevskiales, Cluster 215, and Cluster 225)
and ten d-taxa (Cluster 212, Cluster 214, Cluster
216, Cluster 217, Cluster 225, Cluster 246, Cluster
247, Cluster 248, Rhizobiales and one unclassified
taxon) were determined in the sandy soil (Figure 2).
Cluster 214 and Cluster 217 were determined as d-
taxa also in the meadow soil (Figure 2). Compared
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Figure 2 Differential abundance analyses of the nirS taxa that were significantly enriched (blue) and depleted (red)
in three soils associated with Zoige wetland desertification. (A) Swamp soil (SW) vs. Meadow soil (MD), (B) Swamp
soil (SW) vs. Sandy soil (SD), (C) Meadow soil (SW) vs. Sandy soil (SD)

with the meadow soil, Cluster 215 and Cluster 246
were determined as d-taxa and e-taxa, respectively,
in the sandy soil (Figure 2).

Based on the Mantel test, the differentially
abundant taxa correlated with multiple edaphic
factors (P<0.05) (Figure 3). Cluster 215 correlated
positively with pH, SOC, WC, TN, TP, AN, AP, and
AK (P<o0.05). Cluster 212 correlated negatively
with pH, WC, SOC, TN, TP, AN, AK, and AP
(P<0.05) (Figure 3).

2.4 Phylogenetic analysis of differentially
abundant taxa

In the nirS gene phylogenetic tree, the
representative sequences of differentially abundant
taxa grouped into Alphaproteobacteria and
Betaproteobacteria (Figure 4). The
Alphaproteobacteria related differentially
abundant taxa grouped into a clade consisting of
species from cultured Thiothrix lacustri and
unknown denitrifying bacteria. Cluster 216 and
Cluster 217 were related to Thiothrix lacustri with
77% and 80% identity, respectively. Cluster 247
was related to bacterium CYCU-0207 with 77%
identity.

The Betaproteobacteria related taxa Cluster
212, Cluster 214, Cluster 215, Cluster 225, Cluster
246, Cluster 248, and Cluster 275 grouped into
three major clusters. Cluster 212 and Cluster 275

Cluster217 l
Cluster214
Cluster246 0
Cluster214
Unknown
Cluster216
Cluster212
Nevskiales
Cluster215
Cluster275
Cluster225
Cluster217
Cluster247
Cluster248
Rhizobiales
Cluster246

Cluster215
3% &

-0.5

3 > 2
~ Z T

Figure 3 Correlations between the differential
abundant taxa and soil physicochemical parameters.
WC, soil gravimetric water content; SOC, soil organic
carbon; TN, total nitrogen; TP, total phosphorus; TK,
total potassium; AN, available nitrogen; AP, available
phosphorus (Olsen phosphorus); and AK, available
potassium.

were related to Cupriavidus sp. with 74% and
75% identity, respectively. Cluster 215 and
Cluster 225 were both related to Azospira sp.
with 77 and 79% identity, respectively. Cluster
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Figure 4 Phylogeny of the differentially abundant taxa. Size indicates sequence abundance. Cluster215: BAO96045:
76.56% indicates that nirS sequence BAO96045 is the closest matching sequence for Cluster215 with 76.56% identity.

Numbers next to branches indicate the bootstrap values

0.2; e

=
(=
T

[ ]

PCoA 2(17.78%)

o
[\

04.
[ ]
0.0
PCoA 1 (19.24%)

0.2 0.2

Groups ®SW eMD @ SD
L ]

L]
1.0
g .\
0.5
~- L ] |
- pH, \ -
3 TK
-9 ~_ \
g P N\
0.0- 3()§>*- =
ANE
WC
Cp
L ]
-0.5 . °
®
[
-1.0 0.5 1.0

0.0 0.5
CAP 1(19.24%)

Figure 5 nirS-type denitrifying bacterial communities and their relation with edaphic factors across the Zoige
plateau wetland soils. (A) Principal coordinates analysis (PCoA) of nirS-type denitrifying bacterial communities. (B)
Quantifying the effects of edaphic factors on nirS-type denitrifying bacterial community composition by distance-
based redundancy analysis. WC, soil gravimetric water content; SOC, soil organic carbon; TN, total nitrogen; TP, total

phosphorus; TK, total potassium; AN, available nitrog
available potassium. SW: swamp soil; MD: meadow soil;

214 and Cluster 246 were related to Azoarcus and
Wautersia with 78% and 71% identity, respectively.

2.5 Community composition and variation

Principal coordinates analysis (PCoA) based
on Bray-Curtis dissimilarities separated the nirS-
type denitrifying bacterial community in the
pristine soil from those in the desertificated soils
(Figure 5), indicating that the wetland
desertification in Zoige resulted into different nirS-
type denitrifying bacterial communities. The
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en; AP, available phosphorus (Olsen phosphorus); and AK,
SD: sandy soil.

influence of edaphic parameters on nirS gene
community composition was quantified by the
distance-based redundancy analysis (dbRDA). Of
all constrained nine edaphic factors, available
phosphorus (AP) (r2=0.9505, P=0.001) was the
most potential determinant (Figure 5). Soil water
content (WC) was also an important factor
affecting  nirS-type  denitrifying  bacterial
community composition. Both the Mantel and
partial Mantel tests further confirmed that that soil
AP and WC were the most influential abiotic
variables in shaping the communities of nirS gene
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containing denitrifying bacteria during the
desertification process of Zoige plateau wetland
(Figure 6).

3 Discussion and Conclusion

Microorganisms are essential for keeping the
stability of ecosystems and biogeochemical cycling
of nutrients, especially nitrogen cycling.
Denitrification which is mediated by bacteria,
archaea and fungi is fundamentally important in
nitrogen removal from wetlands (Veraart et al.
2017). Zoige plateau wetland in China, the largest
alpine peat wetland in the world, has been
desertificated rapidly in the past 30 years. In our
previous study, variation of the denitrifier
communities caused by Zoige plateau wetland
desertification was evaluated by using terminal
restriction fragment length polymorphism (T-
RFLP) and clone libraries (Gu et al. 2017). In this
study, the diversity of nirS-type denitrifiers was
remarkably high when using high-throughput
amplicon sequencing targeting the functional nirS
gene. Previously, using 16S rRNA amplicon
sequencing, considerable number of
Proteobacteria which might be involved in carbon
cycling were identified, yet only a few OTUs
belonging to denitrifying Proteobacteria were
detected among Zoige wetland soil bacteria (Gu et
al. 2018). Proteobacteria is highly diverse and
members of this phylum are active in
biogeochemical cycling. Revealing the roles of
these microorganisms in a natural community is
not feasible on the basis of 16S rRNA gene
sequencing. The results of our present study results
suggested that amplicon sequencing the functional
nirS gene makes detailed study of denitrifiers
achievable.

Similar to a previous study (Wang et al. 2017),
in our study the nirS gene sequences were mostly
affiliated with Proteobacteria. However, unlike in
Wang et al. (2017) and Yang et al. (2018),
Alphaproteobacteria and Gammaproteobacteria
accounted for 0.32 to 0.36 and 0.27 to 0.38 of the
total sequences in Proteobacteria, respectively.
Diversity of the functional genes related to
denitrification in Gammaproteobacteria has been
previously reported (Katsuyama et al. 2013).
Although many of the nirS sequences were

Mantel Test and Partial Mantel Test
W Mantel Test
B Partial Mantel Test

504
- | I |
> 0.0

??\wg«iz‘%oc'd'«‘e@.&

antel correlation coefficients

M

Factors

Figure 6 Mantel and partial Mantel tests between the
relative abundances of nirS gene and edaphic factors in
the Zoige wetland soils. *, P<0.05; **, P<0.01; ***,
P<0.001. WC, soil gravimetric water content; SOC, soil
organic carbon; TN, total nitrogen; TP, total
phosphorus; TK, total potassium; AN, available
nitrogen; AP, available phosphorus (Olsen phosphorus);
AK, available potassium.

affiliated with Gammaproteobacteria, none of
these sequences were identified at the genus level,
which may indicate a dearth of knowledge on the
nirS-denitrifying bacteria diversity in the alpine
wetland. Based on the diversity and composition of
the nirS denitrifying bacteria communities in the
soils from  different stages of wetland
desertification, we could provide an insight into the
composition of nirS gene communities in this
ecosystem. The unidentified
Gammaproteobacteria nirS gene sequences may
represent ecologically important strains, yet
determining the roles of the strains requires
further study. Thus, using culture dependent
methods to study these novel nirS denitrifying
bacteria will increase our understanding of their
physiological functions and ecological importance.
Soil edaphic properties parameters play
critical roles in affecting the abundance, diversity,
and composition of soil microbial communities.
Therefore, exploring the relations between soil
properties and functional microbial communities is
one of the key goals in microbial ecology (Liang et
al. 2011). Previous studies showed that water level
and content was the key driving force leading to the
desertification of Zoige wetland, playing an
important role in the decrease in soil fungal
community abundance and prokaryotic diversity
(Wu et al. 2016). With the decline in the water
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table, some wetland plant species that are essential
in swamp soil formation are being replaced by
meadow vegetation (Zhong et al. 2017). Different
vegetation types altered the soil bacterial
communities due to their different root exudates,
which are nutrients for soil bacteria (Bremer et al.
2007). In this study, SOC, WC, TN, TP, AN, and AP
contents all decreased during the process of the
wetland desertification. Only soil potassium
increased in the meadow soil, possibly partly due to
the decrease in soil water content which may
decrease the leaching of soil potassium, and partly
due to the growth of the plant roots that provide
more sorption sites for soil potassium
(Chmolowska et al. 2016). The decreasing contents
resulting from wetland desertification make them
valuable indices for evaluating desertification.
Similar to our previous study (Gu et al. 2017), soil
AP content was also a key factor in affecting the
community of nirS gene containing denitrifying
bacteria in the three different soils. A similar
relationship between the abundance of nir
denitrifiers and AP content has been found in a
spruce forest soil, where the AP content was closely
related to the nutrient availability in soil (Battard
et al. 2010). Given that phosphorus is needed to
synthesize phosphorus-rich RNA that is essential
for protein synthesis, it is not surprising that a
similar positive correlation relationship was found
in an earlier (Yin et al. 2015) and our study. Soil
fungi play critical roles in transforming soil
phosphorus, and their symbiotic relations with
plants may inhibit the growth of denitrifiers via
decreasing the availability of soil nutrients
essential for denitrifying microorganisms, thereby
altering the denitrifier community composition
(Bender et al. 2014). Accordingly, there may be a
complex relationship between nitrogen cycling and
phosphorus cycling microorganisms in this alpine
wetland.

Contrary to our main hypothesis that more
diverse nirS-denitrifying bacterial communities
would be observed in the pristine wetland, both the
diversity and species richness of denitrifying
bacteria increased during the Zoige alpine wetland
desertification. Seemingly many of the denitrifying
bacteria were adapted to the deteriorated soil
conditions. However, many taxa were depleted in
the degraded soils, which may indicate that the
taxa that are specialized in the pristine swamp

1130

conditions did not tolerate the wetland
desertification. These inconsistent results suggest
that the decreasing supply of soil nutrients during
the wetland desertification may have changed the
original niche space, leading to conditions under
which the e-taxa could thrive at the expense of the
d-taxa.

As shown by the differential abundance
analysis, the nirS-type denitrifying bacterial
community structure in the pristine soil differed
from those in the degraded meadow and sandy
soils. This distinction may have resulted from the
direct or indirect effects of wetland desertification.
In line with our hypothesis, many taxa were
depleted in the degraded soil when compared with
the pristine swamp soil. Out of the depleted taxa,
Azoarcus is a physiologically versatile group
encompassing bacteria with diverse functions and
widely found in aquatic heterotrophic denitrifying
communities (Hong et al. 2010). Hwang et al.
(2006) reported that at high pH environments
Azoarcus-like populations were of low diversity yet
predominant. Moreover, high NaCl concentrations
(1%-3%) would stimulate the growth of the genera
Azoarcus and Methylophaga (Osaka et al. 2008).
In this study, pH decreased as the pristine swamp
soil desertificated into the sandy soil. In Zoige
plateau wetland swamp soil has been found more
saline than sandy soil (Wang et al. 2017). Therefore,
the Azoarcus-like populations could thrive in the
high pH and saline swamp soil. The results
indicated that frequently detected bacterial genera
like Azoarcus might be critical in mediating the
biogeochemical cycling of nitrogen in the Zoige
alpine  wetland and correlate with the
denitrification process in this environment. Out of
the enriched OTUs, the genus Azospira belongs to
Betaproteobacteria, and many Azospira strains
have denitrification or nitrogen fixation ability,
suggesting that these bacteria play vital roles in
nitrogen cycling and organic compounds
decomposition (Arroyo et al. 2015).

Rhizobial nitrate reduction and denitrification
have been widely detected in terrestrial and aquatic
environments, dominating the denitrification
process in wastewater treatment plants and
meadow soil (Rungkitwatananukul et al. 2016).
Rhizobia can convert NO;- to N, under both
reducing and oxidizing conditions. Members of the
genus Thiothrix are filamentous and colorless
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sulfur-oxidizing bacteria that are metabolically
versatile and capable of autotrophic, mixotrophic
and heterotrophic growth. Thiothrix spp. can
perform nitrate-mediated sulfide oxidation, and
adapt to micro-aerobic conditions (Cytryn et al.
2005). In the pristine swamp soil, Thiothrix spp.
possibly play important roles in the biogeochemical
cycling of nitrogen and sulfur, as they are able to
use NO;- or NO,- as electron acceptors to oxidize
inorganic and organic sulfur compounds.

In summary, this study showed that the
diversity of the soil nirS gene community increased
along the Zoige wetland desertification. The
composition of nirS gene community also varied
significantly in the three soils associated with the
desertification process. Among the identified nirS
denitrifier species, Proteobacteria and Chloroflexi
were the dominant phyla in the soils. Azoarcus,
Azospira, Wautersia, Cupriavidus, Rhizobiales,
and Thiothrix were significantly affected by the

References

Abell GCJ, Ross DJ, Keane JP, et al. (2013) Nitrifying and
denitrifying microbial communities and their relationship to
nutrient fluxes and sediment geochemistry in the Derwent
Estuary, Tasmania. Aquatic Microbial Ecology 70(1): 63-75.
https://doi.org/10.3354/ame01642

Arroyo P, Saenz de Miera LE, Ansola G (2015) Influence of
environmental variables on the structure and composition of
soil bacterial communities in natural and constructed
wetlands. Science of the Total Environment 506-507 (506-
507C): 380-390.
https://doi.org/10.1016 /j.scitotenv.2014.11.039

Battard E, Rechova T, Vanék D, et al. (2010) Effect of pH and
dissolved organic matter on the abundance of nirK and nirS
denitrifiers in spruce forest soil. Biogeochemistry 101(1-3):
123-132. https://doi.org/10.1007/s10533-010-9430-9

Bender SF, Plantenga F, Neftel A, et al. (2014) Symbiotic
relationships between soil fungi and plants reduce N.O
emissions from soil. The ISME Journal 8: 1336-1345.
https://doi.org/10.1038 /ismej.2013.224

Bremer C, Braker G, Matthies D, et al. (2007) Impact of plant
functional group, plant species and sampling time on the
composition of nirK-type denitifier communities in soil.
Applied and Environmental Microbiology 73(21): 6876-6884.
https://doi.org/10.1128/AEM.01536-07

Caporaso JG, Lauber CL, Walters W A, et al. (2012) Ultra-high-
throughput microbial community analysis on the Illumina
HiSeq and MiSeq platforms. The ISME Journal 6(8): 1621-
1624. https://doi.org/10.1038 /ismej.2012.8

Chmolowska D, Kozak M, Laskowski R. (2016) Soil
physicochemical properties and floristic composition of two
ecosystems differing in plant diversity: fallows and meadows.
Plant and Soil 402: 317-329.
https://doi.org/10.1007/s11104-015-2788-7

Cui X, Graf H (2009) Recent land cover changes on the Tibetan
Plateau: a review. Climatic Change 94(1-2): 47-61.
https://doi.org/10.1007/s10584-009-9556-8

Cytryn E, Minz D, Gelfand I, et al. (2005) Sulfide-oxidizing

wetland desertification. Changes in the nirS-type
denitrifying bacterial communities were related to
the changes in available phosphorus content. The
unclassified and novel taxa observed in this study
require further studying. The results of this study
contribute to comprehending the roles of nirS
denitrifying bacteria in predicting wetland
desertification in Qinghai-Tibet plateau.

Acknowledgments

The study was supported by the Natural
Science Foundation of China (Grant No. 41201256).

Electronic supplementary material:
Supplementary material (Appendixes 1-5) is
available in the online version of this article at
https://doi.org/10.1007/s11629-018-5147-3.

activity and bacterial community structure in a fluidized bed
reactor from a zero-discharge mariculture system.
Environmental Science and Technology 39(6): 1802-1810.
https://doi.org/10.1021/es0491533

Dambreville C, Séphanie H, Nguyen C, et al. (2006) Structure
and activity of the denitrifying community in a maize-cropped
field fertilized with composted pig manure or ammonium
nitrate. FEMS Microbiology Ecology 56(1): 119-131.
https://doi.org/10.1111/j.1574-6941.2006.00064.x

Gao MH, Liu JW, Qiao YL, et al. (2017) Diversity and
abundance of the denitrifying microbiota in the sediment of
eastern China Marginal Seas and the impact of environmental
factors. Microbial Ecology 73(3): 602-615.
https://doi.org/10.1007/s00248-016-0906-6

Gu YF, Wang YY, Xiang QJ, et al. (2017) Implications of wetland
degradation for the potential denitrifying activity and
bacterial populations with nirS genes as found in a succession
in Qinghai-Tibet plateau, China. European Journal of Soil
Biology 80: 19-26.
https://doi.org/10.1016 /j.ejsobi.2017.03.005

Gu YF, Bai Y, Xiang QJ, et al. (2018) Degradation shaped
bacterial and archaeal communities with predictable taxa and
their association patterns in Zoige wetland at Tibet plateau.
Scientific Reports 8(1): 3884.
https://doi.org/10.1038/s41598-018-21874-0

Hong X, Zhang XJ, Liu BB, et al. (2010) Structural
differentiation of bacterial communities in indole-degrading
bioreactors under denitrifying and sulfate-reducing
conditions. Research in Microbiology 161(8): 687-693.
https://doi.org/10.1016 /j.resmic.2010.06.010

Huo L, Chen Z, Zou Y, et al. (2013) Effect of Zoige alpine
wetland degradation on the density and fractions of soil
organic carbon. Ecological engineering 51(1): 287-295.
https://doi.org/10.1016 /j.ecoleng.2012.12.020

Hwang C, Wu WM, Gentry TJ, et al. (2006) Changes in bacterial
community structure correlate with initial operating
conditions of a field-scale denitrifying fluidized bed reactor.

1131



J. Mt. Sci. (2019) 16(5): 1121-1132

Applied Microbiology and Biotechnology 71(5): 748-760.
https://doi.org/10.1007/s00253-005-0189-1

Jones CM, Hallin S. (2010) Ecological and evolutionary factors
underlying global and local assembly of denitrifier
communities. The ISME Journal 4(5): 633-641.
https://doi.org/10.1038/ismej.2009.152

Kato T, Tang YH, Gu S, et al. (2006) Temperature and biomass
influences on inter annual changes in CO. exchange in an
alpine meadow on the Qinghai-Tibetan Plateau. Global
Change Biology 12(7): 1285-1298.
https://doi.org/10.1111/j. 1365-2486.2006.01153.X

Katsuyama C, Nashimoto H, Nagaosa K, et al. (2013)
Occurrence and potential activity of denitrifiers and
methanogens in groundwater at 140 m depth in Pliocene
diatomaceous mudstone of northern Japan. FEMS
Microbiology Ecology 86(3):532-543.
https://doi.org/10.1111/1574-6941.12179

Kim YM, Cho HU, Lee DS, et al. (2011) Influence of operational
parameters on nitrogen removal efficiency and microbial
communities in a full-scale activated sludge process. Water
research 45(17): 5785-5795.
https://doi.org/10.1016 /j.watres.2011.08.063

Kumar S, Stecher G, Tamura K. (2016) MEGA7: molecular
evolutionary genetics analysis version 7.0 for bigger datasets.
Molecular Biology and Evolution 33(7): 1870-1874.
https://doi.org/10.1093/molbev/mswo54

Lee JA, Francis CA. (2017) Deep nirS amplicon sequencing of
San Francisco Bay sediments enables prediction of geography
and environmental conditions from denitrifying community.
Envionmental Microbiology 19(12): 4897-4912.
https://doi.org/10.1111/1462-2920.13920

Liang YT, Van Nostrand JD, Deng Y, et al. (2011) Functional
gene diversity of soil microbial communities from five oil-
contaminated fields in China. The ISME Journal 5(3): 403-
413. https://doi.org/10.1038 /ismej.2010.142

Lisa JA, Jayakumar A, Ward BB, et al. (2017) nirS-type
denitrifying bacterial assemblages respond to environmental
conditions of a shallow estuary. Environmental Microbiology
Reports 9(6): 766-778.
https://doi.org/10.1111/1758-2229.12594

Love MI, Huber W, Anders S. (2014) Moderated estimation of
fold change and dispersion for RNA-seq data with DESeq2.
Genome Biology 15(12): 550.
https://doi.org/10.1186/s13059-014-0550-8

Ludwig W, Strunk O, Westram R, et al. (2004) ARB: a software

environment for sequence data. Nucleic Acids Research 32(4):

1363-1371.https://doi.org/10.1093/nar/gkh293

Oksanen J, Blanchet FG, Friendly M, et al. (2018) Package:
'Vegan'. Community Ecology Package. R package version
2.0+3. https://github.com/vegandevs/vegan

Osaka T, Shirotani K, Yoshie S, et al. (2008) Effects of carbon
source on denitrification efficiency and microbial community
structure in a saline wastewater treatment process. Water
Research 42(14): 3709.
https://doi.org/10.1016 /j. watres.2008.06.007

Pifia-Ochoa E, Alvarez-Cobelas M. (2006) Denitrification in
aquatic environments: a cross-system analysis.
Biogeochemistry 81(1): 111-130.
https://doi.org/10.1007/s10533-006-9033-7

R Development Core Team (2010) R: a language and
environment for statistical computing. Vienna: The R
Foundation for Statistical Computing.
https://doi.org/10.1007/978-1-4614-3520-4_41

Rungkitwatananukul P, Nomai S, Hirakata Y, et al. (2016)
Microbial community analysis using MiSeq sequencing in a
novel configuration fluidized bed reactor for -effective
denitrification. Bioresource Technology 221: 677-681.

1132

https://doi.org/10.1016 /j.biortech.2016.09.051

Smith CJ, Nedwell DB, Dong LF, et al. (2007) Diversity and
abundance of nitrate reductase genes (narG and napA),
nitrite reductase genes (nirS and nrfA), and their transcripts
in estuarine sediments. Applied and Environmental
Microbiology 73(11): 3612-3622.
https://doi.org/10.1002/gepi.10246

Veraart AJ, Dimitrov MR, Schrier-Uijl AP, et al. (2017)
Abundance, activity and community structure of denitrifiers
in drainage ditches in relation to sediment characteristics,
vegetation and land-use. Ecosystems 20(5): 928-943.
https://doi.org/10.1007/s10021-016-0083-y

Wang C, Tong C, Chambers LG, et al. (2017) Identifying the
salinity thresholds that impact greenhouse gas production in
subtropical tidal freshwater marsh soils. Wetland 37(3): 559-
571. https://doi.org/10.1007/s13157-017-0890-8

Wang Q, Quensen JF, Fish JA, et al. (2013) Ecological patterns
of nifH genes in four terrestrial climatic zones explored with
targeted metagenomics using FrameBot, a new informatics
tool. mBio 4(5): e00592-13.
https://doi.org/10.1128/mBio.00592-13

Wang YY, Lu SE, Xiang QJ. (2017) Responses of N,O reductase
gene (nosZ)-denitrifier communities to long-term fertilization
follow a depth pattern in calcareous purplish paddy soil.
Journal of Integrative Agriculture 16(11): 60345-7.
https://doi.org/10.1016/S2095-3119(17)61707-6

Wang Y, Tian H, Huang F, et al. (2017) Time-resolved analysis
of a denitrifying bacterial community revealed a core
microbiome responsible for the anaerobic degradation of
quinoline. Scientific Reports 7(1): 14778.
https://doi.org/10.1038/s41598-017-15122-0

Wang Y, Uchida Y, Shimomura Y, et al. (2017) Responses of
denitrifying bacterial communities to short-term waterlogging
of soils. Scientific Reports 7(1): 803.
https://doi.org/10.1038/s41598-017-00953-8

Ward BB (2013) How nitrogen is lost. Science 341(6144): 352-
353. https://doi.org/10.1126/science.1240314

Wu LS, Nie YY, Yang ZR, et al. (2016) Responses of soil
inhabiting nitrogen-cycling microbial communities to wetland
degradation on the Zoige Plateau, China. Journal of Mountain
Science 13(22): 2192-2204.
https://doi.org/10.1007/ $11629-016-4004-5

Yang YD, Hu YG, Wang ZM, et al. (2018) Variations of the nirS-,
nirK-, and nosZ-denitrifying bacterial communities in a
northern Chinese soil as affected by different long-term
irrigation regimes. Environmental Science and Pollution
Research 25 (14): 14057-14067.
https://doi.org/10.1007/s11356-018-1548-7

Yin C, Fan FL, Song AL, et al. (2015) Denitrification potential
under different fertilization regimes is closely coupled with
changes in the denitrifying community in a black soil. Applied
Microbiology and Biotechnology 99(13): 5719-5729.
https://doi.org/10.1007/s00253-015-6461-0

Yu ZH, Liu JJ, Li YS, et al. (2018) Impact of land use,
fertilization and seasonal variation on the abundance and
diversity of nirS-type denitrifying bacterial communities in a
Mollisol in Northeast China. European Journal of Soil Biology
85: 4-11.https://doi.org/10.1016 /j.ejsobi.2017.12.001

Yun JL, Zhuang GQ, Ma AZ, et al. (2012) Community structure,
abundance, and activity of methanotrophs in the Zoige
wetland of the Tibetan plateau. Microbial Ecology 63(4): 835-
843. https://doi.org/10.2307/41489227

Zhong Q, Chen H, Liu L, et al. (2017) Water table drawdown
shapes the depth-dependent variations in prokaryotic
diversity and structure in Zoige peatlands. FEMS
Microbiology Ecology 93(6): 049.
https://doi.org/10.1093/femsec/fix049




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /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 /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /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 (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


