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Deep litter system is widely applied to pig production. The beddings have
complex microbial communities which play an important role in fermentation efficiency.
To obtain the bacterial community in pig deep litter system, we utilized the traditional
culture-dependent method and molecular biology technique. Using plate count method
Microbacterium (35.33%) and Arthrobacter (20.30%) were remarkable in total culturable
bacteria. By 16S rRNA gene library method, the sequences are mostly distributed in 3
phyla: Proteobacteria (38.40%), Firmicutes (28.18%), Bacteroidetes (16.57%) and affiliated
to 10 genera: Clostridium (19.89%), Castellaniella (4.70%), Comamonas (2.76%),
Rhodanobacter (2.21%), Acinetobacter (1.38%), Planctomyces (1.38%), Nitrosomonas
(1.10%), Devosia (1.10%), Gemmatimonas (1.10%), and Steroidobacter (1.10%). In
addition, an Illumina next generation sequencing named MiSeq was used to observe the
V4/V5 hypervariable region of 16S rDNA sequence. Proteobacteria, Firmicutes, and
Bacteroidetes accounted for 83.7% of all sequences. The 10 genera described above were
also presented and new 4 genera were added. Clostridium was increased to 25.5% as the
predominant bacteria. The results were consistent with that of 16S rRNA gene library
analysis in general. It is the first report which provides information on bedding
microbiota in pig deep litter system taking advantage of culture and culture-independent
approaches.
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With the development of intensive
livestock production, since the 1950s Western
Europe countries have paid attention to the slatted
floor system for growing pigs, instead of the straw
based litter system. However, since the 1980s,
people have been interested in the litter system
because this method can improve animal welfare!
and reduce odour nuisance?3. Thelitter systemis
an ancient technology and nowadays deep litter
system has been developed as a popular method
for pig production. It hasafloor based on the mixed
bedding whichisconstituted by sawdust, rice hull,
corn stalk, etc* 5. Hence, using this system the pig
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wastes are ableto ferment in situ. Compared to the
dlatted or solid floor system, deep litter system
can reduce the cost of wastes treatment and the
environmental risk® 7. The former studies of deep
litter system focus on the behaviour, welfare,
growth performance of pigs®!® and gaseous
emissions from this process!* 2, The bedding has
a complex microbial community which plays an
important rolein deep litter system. For example,
microbesare closely related to waste fermentation
efficiency. But only a few studies about it were
reported in scientific literatures. Therefore, more
knowledge on the microbial population will
contribute to improve the effect of deep litter
system.

Itiswell-known that plate count analysis
is a traditional, cultivation-dependent method of
microbia population and the classic cultivation-
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based method was strongly biased since only a
small proportion (0.01-10%) of microorganismsin
natural environment could be cultivated and
identified'. Molecular biology brings new culture-
independent methods to study the microbial
community+16, The 16S rRNA gene library has
been widely used for the research of bacterial
community!” 18, However, this method needs to
analyse lots of clones to obtain the accurate
bacterial community in complex environment. The
work islabor-intensive and time-consuming. The
Next Generation Sequencing technologies which
extremely increase sequencing throughput, such
as Roche 454 pyrosequencing and [lluminaMi Seq,
have a light insight in microbial diversity. The
MiSeq is a widely popular method of microbial
community because of low-cost and fast-
seguencing. With thismethod just short but highly
variable regions of the 16S rDNA sequence (e.g.
theV3, V4 or V5 hypervarigbleregions) were gpplied
to sequencing for bacterial communities'®. The
previous study demonstrated that V4/V5 region
could supply higher classification accuracy than
other regions®. Although MiSeq technology is
increasingly used inmicrobial community research,
thereis no microbiotareport related to deep litter
system by this method. The aim of this research
wasto study the microbial community inapig deep
litter system which was used in 12 months and
collected from the hoggery in Changsha, China.
Three different methods were used: (1) dilution
plate method; (2) 16SrRNA genelibrary method;
(3) high throughput sequencing method (MiSeq)
of partial 16SrRNA gene. Combining theresults of
the three methods, we have obtained the
microbiota in pig deep litter system for the first
time.

MATERIALS AND METHODS

Deep litter samplescollection

The bedding of deep litter system was
collected from the hoggery in Changsha City,
Hunan Province, ChinainApril, 2013. Indeeplitter
system, there was a floor space allowance of
approximately 1 m? per pig. The bedding was
constituted by sawdust and rice hull with 1:1 ratio,
the thickness ranging from 60 to 70 cm. The
bedding has been used for 12 months and
approximately 1 kg of fresh middle-level bedding
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(20 cm from top) was collected from 5 different
locations in a pig deep litter systems. The basic
information of each samplewas showedin Table 1.
Calculation and isolation of microor ganisms

To count the total culturable bacteria,
each 10 g of the frozen sample was added to 90 ml
of sterilized water. The mixture was homogenized
by ashaker to disperse bacteriaand seria ten-fold
dilutions. Volume 0.1 ml of undiluted samplesand
different diluents (ranging from 102 to 107) were
distributed onto the plates of beef peptone agar
medium (beef extract, 3 g; peptone, 5g; agar, 15¢;
distilled water, 1,000 ml; pH 7.0). Then the plates
wereincubated at 37°C for 48-72 h. Cell densities
were estimated by colony-forming units (CFU)
method. M ultiple nucl eotide sequence alignments
were performed using latest version of Clustal
(Clustal Omega)?, and phylogenetic trees were
constructed by MEGA 6 software? with anei ghbor
joining method.
Total DNA extraction and purification

A modified DNA extraction method was
developed based on the procedure as previous
described®. Firstly the bedding was grinded with
liquid nitrogen. A 5 g samplewasadded to 12 ml of
4% SDSand 100 pl of Proteinase K (20 mg/ml) and
then was incubated in a 70°C water bath for 1 h
with gentleinversion every 15-20 min. Themixture
was centrifuged for 10 min at 8,000xg. The
supernatant was transferred to 50 ml centrifugal
tube containing ~20 ml of 10% PEG 8000. After
centrifugation at 10,000xg for 15 min at 4°C the
precipitate was added to 10 ml of 2% CTAB. Then
it was vortexed for 10 sand incubated at 65°C for
15 min. The samplewas mixed enough with an equal
volume of chloroform and isopentyl alcohol (24:1,
vol/val). The mixturewas centrifuged at 10,000xg
for 10 min. The aqueous phase was transferred to
another sterile centrifuge tube containing ~20 ml
of 10% PEG 8000. The pellet of DNA was obtained
by centrifugation at 12,000xg for 15 min at 4°C,
washed with 1 ml of 70% ethanol and dried at room
temperature. The total DNA was resuspended in
50 pl sterile deionized water with RNaseA (10 mg/
L). Then DNA was purified by MagExtractor-
NucleicAcid Purification Kit (TOYOBO). Thesize
and quality of the extracted DNA was determined
by agarose gel electrophoresis (1.5% agarose) and
the sampleswere stored at <20°C for PCR analysis.
Cloningand analysisof 16S5rRNA genelibrary
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To amplify 16S rDNA sequence of
bacterial community, the following primers were
used: forward primer 27F (52-AGA GTTTGATCC
TGG CTCAG-32) andreverseprimer 1492R (52 -
TACCTT GTTACGACT-32)(24). A50 pl of PCR
mixturecontained 1 pul (100 ng) DNA astemplate, 1
I of each primer (5 uM), 5l of ANTP (2 mM), 5l
of 10xPCR buffer (Mg? plus), 1yl Ex Tag (5 U/ul,
TaKaRa), and 37 pl sterile water. The PCR cycle
programwas. 94°Cfor 4 min, 94°Cfor 30s, 52°C for
30s, 72°Cfor 2min, 30 cycles, then 72°C for 10 min.
The PCR products were purified and ligated into
the pMD18-T vector (TaKaRa). The ligation
products were transformed into Escherichia coli
DH10B competent cells. White colonies were
selected randomly and the insert size of chosen
clones was detected using PCR. Sequencing was
done by BGI Biotechnology Co., Ltd. (Beijing,
China). To determine the phylogenetic affiliation
the nucleotide sequences were used to search
against Ribosomal Database Project (RDP, http://
rdp.cme.msu.edu/)%. Operational Taxonomic Units
(OTUs) was divided by Mothur software at 3%
difference level and the community richness was
analyzed by Chaol estimator?). The representative
sequences were submitted to the GenBank
database under accession humbers KM456053-
KM456177.

[lluminahigh-thr oughput sequencing

11

The V4 plus V5 region of the 16SrDNA
sequence was amplified by PCR using the 515F
primer (5 -GTGCCAGCMGCCGCGG-3') andthe
907R primer (5 -CCGTCAATTCMTTTRAGTTT-
3'). The PCR of each samplewas repeated 3 times.
The PCR productions were mixed and extracted
from 2% agarose gels. Then they were purified
using the Gel extraction kit (Axygen) and detected
by Fluorescence quantitative system (Promega).
Next it was pooled in the same concentration and
paired-end sequenced on I lluminaMi Seq platform.
According to the tag sequences of barcode, the
reads of different samples could be distinguished.
Sequencesthat had aquality score <20in awindow
of 50 bp wereremoved. Sequenceswhich differed
by >2 bp from primer sequences were filtered.
Chimeraswereremoved using UCHIM E software”.
The sequence reads were processed using
Mothur® software.

RESULTS

Thedigtribution of thetotal culturablebacteriain
thebedding

Using CFU method the number of total
culturable bacteriain pig deep litter was 88.67+9.71
x106 cfu/g (MeantSD). The detected level of
various bacteria was in the same order of
magnitude of 10° cfu/g. Therelative abundance of

Table 1. The basic information of each sample

Temperature(°C) Organic matter(%) Moisture content(%) CIN ratio pH
Sample 1 43 713 58 30:1 6.2
Sample 2 41 74.6 49 26:1 5.8
Sample3 40 62.5 55 24:1 6.5
Sample4 48 59.3 52 321 6.8
Sample5 42 66.1 54 341 6.1
Table 2. The distribution of culturable bacteriain the bedding of deep litter system
Closest group Closest genus/species GenBank Similarity  The various Ratio
accession (%) bacteria(10° cfu/g) (%)
Actinomycetales Microbacterium sp. JX514855 98 31.33+4.16 35.33
Actinomycetales Arthrobacter sp. HM191728 94 18.00+3.00 20.30
Gammaproteobacteria  Acinetobacter Iwoffii JQ815203 95 16.67+3.06 18.80
Gammaproteobacteria  Citrobacter freundii KC634232 100 13.33+4.16 15.03
Bacteroidetes Flavobacterium balustinum  D14016 97 4.67+1.53 5.27
Firmicutes Bacillus sp. AB362831 91 3.33t1.16 3.76
Gammaproteobacteria  Stenotrophomonas sp. HMO047512 94 1.33+1.16 1.50
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7 types of bacteriawas showed in Table 2, ranging
from 35.33% to 1.50%. The genus or specieswere
estimated by 16SrDNA sequence analysis. Using
the Sequence Match program in RDP database,
theresults showed all of them shared the similarity
from 91% to 100%. Microbacteriumwasthe most
abundant genus with a frequency of 35.33%.
Arthrobacter, Acinetobacter and Citrobacter were
the second largest groups (representing 20.30%,
18.80% and 15.03%, respectively) which were
followed by Flavobacterium (5.27%), Bacillus
(3.76%), and Senotrophomonas (1.50%). Both of
Microbacterium and Arthrobacter belonged to
Actinomycetales. Acinetobacter |woffii,
Citrobacter freundii and Senotrophomonasfalled
into Gamma proteobacteria.

The phylogenetic relationship of the 16S
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rDNA sequences and the referenceswas shown in
Fig. 1. The phylogenetic treeincluded three major
clusters: one of them was gram-positive bacteria
(the two types of Actinomycetales and Bacillus);
two of them were gram-negative bacteria.
16SrRNA genelibrary construction and analysis
Asthetemplatetotal microfloraDNA was
subjected to PCR amplification the full-
length sequence of 16S rRNA gene. The PCR
product which isapproximately 1,500 bp sizewas
applied to construct the 16S rRNA gene library.
The false positive clones were excluded by PCR
test. In total 384 sequences were determined by
Sanger sequencing. After chimeras check it was
still 362 valid 16SrDNA sequences. Therarefaction
curve is shown below in Fig. 2. Whereas the 362
cloned sequences were placed into 226 OTUs at
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Fig. 1. The phylogenetic relationship of the 16S rRNA gene sequences and references
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the 3% difference level by Mothur software. The
Chaol richness estimate produced 292 OTUs.

All the sequences were used as a query
to search against RDP and classified from phylum
to genus. The results showed that most bacteria
affiliated with 11 different phyla, mainly distributed
in Proteobacteria, Firmicutes, Bacteroideteswith
thefrequencies of 38.40%, 28.18%, 16.57%. Only
12 clones(3.31%) were not classified by Classifier
program (Fig. 3). The library had one dominant
genus Clostridium with a frequency of 19.89%.
The second largest group included genus
Castellaniella, Comamonas, Rhodanobacter,
Acinetobacter, Planctomyces, Nitrosomonas,
Seroidobacter, Devosia, and Gemmatimonaswith
the frequencies of 4.70%, 2.76%, 2.21%, 1.38%,
1.38%, 1.10%, 1.10%, 1.10% and 1.10%. All of them
belonged to Proteobacteria except for
Planctomyces and Gemmatimonas.

[ lluminanext-generation sequencing analysis

A total of 25,435 valid sequences were
obtained by I1luminanext-generation sequencing.
Among them 2,257 sequences were chimeras and
removed in the subsequent analysis. The average
length of sequences was 395 bp. The sample
community included 683 OTUswith 97% similarity
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Fig. 3. Relative ration of the common phylum used by
16S rDNA library and Miseq method

level, with Chaol richness estimate of 734 OTUs.
Therarefaction curvetended to near the saturation
plateau.

All sequences were classified from
phylum to genus blasted by RDB with the default
setting. A total of 22 different phylaor groupswere
identified and 14 of them had the proportion
exceeding 0.1%. Only 0.65% of the sequenceswere
not classified. Inthisway 10 phyladescribed above
were presented and Firmicutes (35.62%),
Proteobacteria (28.54%), and Bacteroidetes
(19.55%) were also the most abundant groups.
These results were consistent with that of 16S
rRNA gene library analysis, although the
proportion of phylawere not in agreement by the
two methods. Comparing the outcome of library
analysis, 5 new groupswere added: Cyanobacteria
(0.42%), Deinococcus-Thermus (0.38%),
Armatimonadetes (0.18%), TM6 (0.14%), and BRC1
(0.13%). At the genus level, Clostridium which
wasincreased to 25.53% was still the predominant
genus in bedding microbiota. Thirteen genera
which showed in Fig. 4 constituted the second
largest groups with the percentage from 0.44% to
3.55%.
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Fig. 4.Relative ration of the common genus used by
16S rDNA library and Miseq method
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DISCUSSION

The bedding was collected from five
different regions of apig deep litter systems. The
samples were subsequently mixed for DNA
preparation. Because the bacterial community
represented the bedding microbiotain thedifferent
regions of deep litter system as a whole. When
PCR-based analysis of microbial diversity was
applied in complex environmental samples, it was
crucia to obtain highly purified and unbiased DNA.
Thedeep litter bedding included a large amount of
humic acids and other contaminants which
complicated the follow-up PCR amplification and
finally resulted in a bias estimate of diversity®.
The humic acid contamination was decreased
through increasing salt concentration (1.5 M NaCl)
inthelysisbuffer of CTAB and SDS.

Using dilution plate count, 7 genera/
species were isolated in the bedding of deep litter
system. It was known that Microbacterium sp.
CL-10.9 (GenBank: HQ113212.1) wasisolated from
swinewaste biotreatment and Microbacteriumsp.
could contributeto rai se fermentation temperature
of swine manure composting. Bacilluswasisolated
from swine manure composting and it played an
vital role in decomposing the organic filth and
degrading nitrite, hydrogen sulfide®. In our study,
Microbacterium (representing 35.33%) was most
abundant and Bacillus (representing 3.76%) was
also found in the beddings of pig deep litter where
swine manure wasthe major waste. Acinetobacter
ismainly distributed inthewater and soil, especially
the damp environment. All of Acinetobacter,
Citrobacter, Flavobacterium, and
Stenotrophomonas belong to the gram-
negative bacteria. Most of them are recognized as
potential pathogens.

On the basis of 16S rRNA gene library
and MiSeq analysis, Proteobacteria, Firmicutes,
and Bacteroidetes were the abundant phylum,
representing from 16.57% to 38.40%. Clostridium
was the predominant genus, representing 19.89%
and 25.53%, respectively. It was demonstrated that
Clostridiumwasthe mgjor bacteriain swinemanure
composting®. Our results were consistent with it
because swine manure was the primary waste
materialsin pig deep litter system. Using dilution
plate method Clostridium were not found since it
usually  growsin anaerobic condition.
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Castellaniella is a genus of gram-negative,
facultatively anaerobic, motile bacteria from the
family Alcaligenaceae of the class
Betaproteobacteria. Comamonas are able to
degrade environmental pollutants, for example,
Comamonas testosteroni KF-1 can mineralize
sulfophenylcarboxylates (31). In contrast with
MiSeq method, the number of sequencing wasvery
few and the rarefaction curve was difficult to
approach the saturation plateau. Our results
suggest that MiSeq is indeed more reliable and
informative and MiSeq could replace 16S rRNA
clonelibrariesfor studying the microbial diversity
of pig deep litter system. Compared to culture-
dependent method and capillary sequencing, high
throughput sequencing can outline microbial
community at high resolution in complex
environment.. Plate count method is obviously
biased as only few of microbes in natural
environment can be cultured nowadays®. PCR-
based molecular surveys also have biases
associated with the differences in amplification
efficiencies and replicate amplifications®. In this
study each of the methods had its inherent
disadvantages, acombined analysis could provide
morereliableinformation of bacterial populations
in pig deep litter system.

This research is the first report to study
the bacteriacommunity of deep litter using various
methods, which helps the regulation of micro-
ecosystem and improvement in fermentation
efficiency. Next step we plan to investigate the
temporal and spatial variability of bacteria in
different process of pig deep litter system, which
provide the practical guidance for developing
highly active germ agent.
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