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Executive Summary 

The hind gut microbiome is the microbial community that exists in the colon, and which 
can be sampled by sampling of faeces. It is critical to the host organisms health, nutrition, 
and welfare. It has been extensively analysed in humans, and other model organisms such 
as mice, and is now a highly active research area in pigs, with extensive work going into 
microbiome shifts, correlation to nutrition and welfare, and as a model for the human 
microbiome. 

This project focused on analysing a caged pig trial run by UQ and DEEDI focusing on 
validation of the widely used Pigbal model and as part of this trial, feed and manure 
balances were undertaken, and weight gain evaluated. Manure was collected every two 
weeks with pigs held in cages for the week of manure collection. Four feeds were used, 
with four pigs on each feed (16 pigs total). The two wheat feeds resulted in slightly lower 
weight gains compared to sorghum and barley based feeds. Throughout the trial, 95 
manure samples were collected (one pig was dispatched a week before the end of the 
trial). This project focused on sequencing these 95 manure samples using next generation 
sequencing techniques, which return 2000-4000 individual microbial sequences per sample. 

While this is an accelerating research area, and extensive work is being done on the pig gut 
microbiome, no other studies have the upstream control or link to nutritional analysis 
available in this project. 

The project had the following key objectives: 

 Identify optimal methodology for extraction of DNA from manure samples. 

 Conduct large scale next generation sequencing on all 95 samples using the 
optimal extraction technique and identify linkages between microbial 
community characteristics, feed and other factors, and nutritional outcomes. 

Three extraction techniques were attempted, with differing levels of extraction harshness 
(named Fast Spin, Power Soil, and Conventional) on three early growth pigs, which had 
poor, medium, and high quality DNA in an initial extraction. The host was by far the 
strongest factor determining sequencing outcomes, and all methods were consistent 
internally. However, Power Soil offered a more consistent and less degenerated extract 
than the other methods, and was chosen for all 95 samples. 

The complete sample set was analysed using this methodology, and all were extracted and 
analysed successfully. Results were strongly driven by both feed type and age, with 
generally, a decrease in microbiome diversity with pig age, and a decrease in diversity on 
the wheat based feeds. The results are very consistent and that apart from age, feed type 
was the key predictor for microbial community. Firmicutes dominated across all pigs, but 
diet caused different development of order level, and subdominant populations.  As an 
example, a sorghum based diet (B) resulted in increased methanogenic populations, while 
a barley based diet (D) resulted in an increase in Lactobacillus compared with Clostridia. 

Microbial population was further linked to population metabolic capacity, and this 
identified common trends.  Specifically, the high lipid diet D caused a dominance of 
organisms with lipid capable metabolic pathways, wheat based (A&C) in carbohydrate 
metabolism, while sorghum (B) could be related to anaerobic oxidation, particularly in 
organisms like lactobacillus.  Both of these were high-performing pigs. Capability and focus 
of the microbial community generally shifted from amino acids to carbohydrates and lipids 
as the pigs aged. 

Modelling of pig nutritional outcomes (incremental weight gain) indicated that microbial 
community was a strong predictor of weight gain (R2=0.8), but that this could all be 
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related to pig age and diet, and once the modelled effects of age and diet on weight gain 
were removed (R2=0.94), there was no significant effect of microbiome on weight gain.  
This means that microbiome does not separately influence nutritional outcomes apart from 
those effects due to age or diet, but can be used to explain why age or diet have an 
impact.  This can be further used to optimally design diet, particularly for different stages 
in pig growth.  Importantly statistical analysis could also identify microbial characteristics 
(e.g., emergence of Clostridial clades) that were negative indicators from a nutritional 
outcome. 
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1. Introduction 

Emerging molecular methods for analysing microbial community allow a high level 
of resolution for assessing complex communities.  This is particularly important for 
complex communities, such as animal hind-gut communities, which is known to be 
strongly linked to animal health, welfare, and nutrition. There is clearly important 
to intensive animal raising, particularly high feed-conversion species such as 
domestic pigs, where optimisation of all factors is essential, and the microbiome 
can be an important indicator or direct factor in determining nutritional 
outcomes.  While the pig microbiome has been analysed (see below), this has been 
mainly done to identify major community characteristics, and there has been 
minimal effort to link to feed matrix or nutritional outcomes as is the focus of this 
project.  As such, here background research for gut microbiome in general is 
presented, the project context is established, and the specific objectives of this 
research project are developed. 

Gut microbiomes are a rapidly emerging research field driven primarily by host-
microbiome interactions in determining nutrition, metabolic balancing, disease, 
and welfare. The majority of the work has been done on the human microbiome 
[1], with a dedicated NIH human microbiome project, but there is also extensive 
analysis outside humans, and in particular, broader relationships between the host 
and microbiome on a functional, evolutionary, nutrition, and health perspective 
[2]. There is a strong focus on use of animals as models for human gut 
microbiomes, with the option of microbiome augmentation in animal models [3]. 

Pigs are key domestic animals, with important commercial and scientific issues 
related to their microbiome. When this project was proposed in 2011, there was 
virtually no analysis of pig microbiomes. A review prior to project start indicated 
that 1st generation and 2nd generation molecular methods have been applied to the 
pig gut microbiome, including t-RFLP surveys [4], as well as clone based surveys 
[5]. These yielded ~200-300 samples per microbiome. This represents insufficient 
information to analyse either factors influencing pig nutrition and health, or assess 
suitability of pig hind gut as a model for human microbiomes. 

Since this project started, there has been a number of very high profile papers on 
pig gut microbiomes published in the literature. This included a review article that 
mainly focused on use of 1st and 2nd generation techniques, but provides a 
comprehensive analysis of research to date[6]. There has been further analysis of 
the capability of the microbiome with indications that the hindgut has been 
shaped by use of husbandry techniques, including use of antibiotics [7] with 
advocacy of the use of pig gut microbiome systems for enzyme and microbial 
capability mining[7, 8].  Due to the strong similarities between human and pig 
physiology (compared with mice), there is now further adoption and advocacy of 
pigs as a model for humans in host-microbiome interactions[9, 10]. There has also 
been analysis of the impact of specific additives such as enzymes on overall gut 
microbiome [11], separate from the more general studies cited above. 

Clearly, this is a very fast moving research area, and a proposed project that 
utilized next generation sequencing techniques is in line with current leading 
international research. There are limited papers using next generation techniques 
(which generate several thousand sequences per analysis), and none use a 
controlled environment as we have used with replication.  

As context for this project, a very detailed caged pig project (APL Project 
2010/1011.334: Validation and development of the PigBal model - Stage 2) which 
involved feeding individual pigs housed in raised metabolic pens) was run by DEEDI 
(now DAFF Qld) and UQ in the first half of 2011. Six pigs were given 4 different 
diets (different ratios of wheat, barley, sorghum, beans) in replicates of 4. 6 
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faeces samples (1 week metabolic crate based samples) were taken from each pig 
with 2 weekly intervals over the 12 weeks growth period. Different outcomes in 
terms of weight gain were observed between the different pig groups. A number 
of pigs were subject to infection and provided with antibiotics, and one pig was 
dispatched to the abattoir during week 11. While the antibiotics induced a 
substantial and temporary drop in key microorganisms, it did not substantially 
alter the overall community or cause a substantial effect in comparison with 
primary factors (age and diet). Detailed analysis was done on manure samples 
including metals content, biochemical methane potential, and nitrogen and 
phosphorous content, and this provided a strong picture of the impact of feed 
source and chemical composition on pig weight gain and manure composition. All 
95 samples have been collected through the trial and frozen at -80°C for future 
analysis. 

This project aimed at leveraging the manure samples collected, by extraction and 
analysis through the next generation sequencing to analyse 10,000 characteristic 
gene sequences from each of the 95 samples and enable very high resolution 
interpretation of microbial communities. This addresses current key gaps in the 
literature, in that no other studies assess whole of life pig microbiome, or the 
changes found in the microbiome over time, and none used top level replication as 
done here with analysis across different feed types. 

The project had two key objectives:- 

(a) Identify the most appropriate methodology for extraction of DNA and 
identify differences in impact for different extraction techniques.  

(b) Analyse all 95 samples using the optimal extraction technique and with 
subsequent 454 pyrosequencing and statistical analysis to link feed and age 
to microbiome to nutritional outcomes. 

2. Methodology 

2.1. Pig Rearing (summarized from [12]) 

16 trial pigs allocated to different diet were raised for 14 weeks. Pig numbers and 
allocations are shown in Figure 1. 

 
Figure 1 - Pen allocations for the metabolic raised pen trial carried out in CAAS 
building 8378 (From [12]).  
Paraphrasing from [12] “18 large white male pigs (16 trial pigs + 2 spares) were selected 
on a uniform live-weight basis, from a batch of pigs bred at the University of Queensland 
(UQ) piggery which is located on the UQ Gatton campus, adjacent to the Centre for 
Advanced Animal Science (CAAS).  At the commencement of the trial, the 16 selected pigs 
ranged in age from 6.7 to 8.9 weeks, with an average age of 7.7 weeks.  The average live-
weight was 16.1 kg, ranging from 14.5 to 17.5 kg. 
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The 16 trial pigs (four diets x four replicates) were randomly allocated to the four diets 
and the individual raised pens which were arranged in four blocks of four pens in CAAS 
building 8378, as shown in Figure 1.  Each block of four pens included pigs fed on each of 
the four different diets.  The 16 trial pigs were identified according to the four diets (A – 
D), colour coded blue, yellow, red and green, respectively, and numbers from 1 to 16. 
The diets, which were formulated with a digestible energy (DE) content of 14.0 MJ DE/kg 
and an available lysine content of 0.65 g/MJ DE, were prepared by a commercial feed 
company in bagged, pelleted form. The two spare pigs were accommodated in the same 
building, in adjacent raised pens.” 

Pigs were fed twice daily, at approximately 7:00 am and 3:00 pm, at rates 
consistent with commercial practice to achieve optimum growth, with an 
additional 5% allowance for feed wastage. Wasted feed was collected separately 
from the manure. 

Table 1 - Proportions of feed ingredients in the four diets fed during the metabolic 
raised pen trial, as reported by the feed suppliers. (from [12]) 

Raw material Proportion of ingredient fed (% mass as-fed) 

 Diet A Diet B Diet C Diet D 

 Blue Yellow Red Green 

Wheat Fine 13.5 72.23 20.13 64.86 20.00 

Barley Fine 2 (Phantom) 11.5 10.00   48.09 

Sorghum Fine 10.0  54.73 9.47  

Meat Meal 51.0 5.00 5.00  4.00 

Mung Beans 22.0   10.00 20.00 

Tallow In Mixer 0.60 0.53 1.07 3.60 

Canola Meal 37.0 4.00 11.93 5.00  

Soybean Meal (Imp) 47.0 6.67 6.20 6.60  

Full Fat Soyabean 38.0    2.67 

Limestone Fine 0.67 0.67 1.60 0.67 

MDCP Kynofos 21/Biofos   0.53  

Salt 0.20 0.20 0.20 0.20 

Choline Chloride 70% 0.01 0.02 0.01  

DL-Methionine 0.02 0.02 0.04 0.13 

L-Lysine HCL 0.32 0.32 0.32 0.30 

L-Threonine 0.04  0.06 0.11 

Rap Pig Grw/Fin Pmx 2kgpt 0.20 0.20 0.20 0.20 

Phyzyme XP5000 Pigs (Phantom) 0.01 0.01 0.01 0.01 

Ronozyme WX CT 0.03 0.03 0.03 0.03 

Total: 100.00 100.00 100.00 100.00 

 

2.2. Manure Collection (summarized from [12]) 

Manure was collected according to (Schedule shown in Table 2) with manure 
collected through the entire week, in dedicated metabolic pens and feed 
separated from collected manure. Manure was collected daily from buckets which 
collected drainage from plastic sheets installed below the raised metabolic pens, 
and from the slatted floor. Manure was stored refrigerated for up to one week, 
and then transferred to UQ for analysis after homogenisation and subsampling. 

Samples were stored at -20C until needed for DNA extraction and analysis. 95 
samples (16x6-1) were collected in total, with pig B01 dispatched a week before 
the end of the trial (see below). 

Table 2 - Metabolic pen trial sample collection schedule. 

Date Trial Stage Trial day 

15-Feb-11 Start preconditioning week 1 1 

22-Feb-11 Start preconditioning week 2 8 
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01-Mar-11 Start sample collection week 1 15 

08-Mar-11 End sample collection week 1 22 

15-Mar-11 Start sample collection week 2 29 

22-Mar-11 End sample collection week 2 36 

29-Mar-11 Start sample collection week 3 43 

05-Apr-11 End sample collection week 3 50 

12-Apr-11 Start sample collection week 4 57 

19-Apr-11 End sample collection week 4 64 

26-Apr-11 Start sample collection week 5 71 

03-May-11 End sample collection week 5 78 

10-May-11 Start sample collection week 6 85 

16-May-11 End sample collection week 6 91 

Average manure generation is summarised in Table 3. A very broad array of 
analysis was done by both AWMC and DEEDI, including COD, TS/VS, 
nitrogen, phosphorous, organic acids, and major cationic elements by 
inductive coupled plasma. Biochemical methane potential (rate and extent) 
was also analysed by UQ. 

Table 3 - Means measured for the TS, VS, FS, COD and the ratio of COD/VS in the 
manure excreted by the pigs during the trial. 

Diet TS VS COD COD / VS 

 (kg. pig-1.day-1) (kg. pig-1.day-1) (kg. pig-1.day-1)  

A 0.225 0.162b 0.254 1.64 

B 0.239 0.163 0.246 1.54 

C 0.223 0.170 0.258 1.56 

D 0.293 0.232 0.322 1.40 

 

2.3. Growth Outcomes (summarized from [12]) 

Pig growth outcomes are summarized in  Table 4 and Figure 2. Individual 
pig live-weights recorded at weekly intervals over the trial period.  
Following consultation with a veterinarian, pig B01 was dispatched to the 
abattoir one week prior to the end of the trial due to an emerging health 
issue (prolapsed rectum). The remaining 15 pigs were retained through to 
the end of the trial. 
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Table 4 - Nutritional indicators throughout the trial 

Date 
(week 

ending) Trial stage 

Average 
Age  

(weeks) 

Average 
live weight 

(kg) 

Assumed 
feed 

intake 
(kg/day) 

Feed fed 1 
(kg/day) 

15-Feb-11 Commencement 7.7 16.1   

22-Feb-11 Pre-condition 1 8.7 18.5 0.70 0.74 

01-Mar-11 Pre-condition 2 9.7 21.5 0.85 0.89 

08-Mar-11 Sample collection 1 10.7 26.2 1.00 1.05 

15-Mar-11  11.7 30.9 1.15 1.21 

22-Mar-11 Sample collection 2 12.7 35.8 1.30 1.37 

29-Mar-11  13.7 41.8 1.55 1.63 

05-Apr-11 Sample collection 3 14.7 48.2 1.75 1.84 

12-Apr-11  15.7 54.6 1.95 2.05 

19-Apr-11 Sample collection 4 16.7 62.0 2.10 2.21 

26-Apr-11  17.7 69.6 2.25 2.36 

03-May-11 Sample collection 5 18.7 76.7 2.45 2.57 

10-May-11  19.7 85.0 2.60 2.73 

16-May-11 Sample collection 6 20.5 90.0 2.75 2.89 
1 includes an allowance for 5% feed wastage in addition to assumed feed intake. 

 
Figure 2 -  Individual pig live-weights recorded at weekly intervals over the trial 
period.  Samples were taken fortnightly from 1 March 2011. 

 

2.4. DNA Extraction Method Optimization 

Samples for optimisation were taken from the first sample collection (10 weeks 
age) from pigs C12 (pig 12 from diet C), D13 (pig 13 from diet D), and A16 (pig 16 
from diet A), (diet B was not sequenced in this phase), based on low, medium, and 
high quality bands in initial extractions with FastDNA® Spin Kit for Soil (as the 
quality of extracted DNA can be represented by these three samples, no further 
pigs from diet B were selected). Bands are shown in Figure 3. These were 

0

20

40

60

80

100

120

0
8

-F
e

b
-1

1

1
5

-F
e

b
-1

1

2
2

-F
e

b
-1

1

0
1

-M
a

r-
1

1

0
8

-M
a

r-
1

1

1
5

-M
a

r-
1

1

2
2

-M
a

r-
1

1

2
9

-M
a

r-
1

1

0
5

-A
p

r-
1

1

1
2

-A
p

r-
1

1

1
9

-A
p

r-
1

1

2
6

-A
p

r-
1

1

0
3

-M
a

y
-1

1

1
0

-M
a

y
-1

1

1
7

-M
a

y
-1

1

2
4

-M
a

y
-1

1

P
ig

 l
iv

e
 w

e
ig

h
t 

(k
g

)

A04

A08

A10

A16

B01

B05

B11

B14

C03

C06

C12

C15

D02

D07

D09

D13



  

 6 

regarded as medium (C12M), low (D13L), and high (A16H) respectively based on 
the size and position of the band when the extract was run on electrophoresis gel.  

 
Figure 3 - Band quality from all pigs in first sample collection based on FastDNA Spin 
kit. P13 is low quality, P12 is medium quality, and P16 is high quality based on length 
and quantity of DNA band (i.e., narrow, high band indicating large sequence sizes). 

These samples were then extracted in triplicate by three methods. That is 
FastDNA® Spin Kit For Soil (F), which had moderate mechanical and enzymatic 
digestion, a PowerSoil® DNA Isolation Kit (P) (MO BIO, US), which reduced 
mechanical disruption, and a previously published extraction method (C) [13], 
which increased enzymatic disruption. The extracted DNA with each method was 
analysed by 454 pyrosequencing as described in section 2.5.2. 

2.4.1. Fast Spin for Soil Kit 

DNA extraction with fast spin for soil sample was performed according to the 
manufacture’s manual with modification. Sodium phosphate buffer, MT buffer, 
lysing matrix, Protein Precipitation solution, binding matrix, and SEWS-M were 
supplied in this kit. 978µL sodium phosphate buffer and 122µL MT buffer was 
mixed with approximately 0.3g (wet weight) of samples in lysing matrix with 
various sizes of glass beads. The sample was blended in a Bead-Beater (Daintree 
Scientific, Australia) at a speed setting of 48 for 60 seconds. The tubes were put 
into ice to cool to room temperature and then centrifuged at 14,000g for 15 
minutes to pellet debris. Supernatant was carefully transferred to a 2mL tube and 
mixed with 250µL PPS. The tube was then centrifuged at 14,000g for another 5 
minutes to pellet the precipitate. The supernatant was then transferred to a 15mL 
falcon tube and mixed with 1ml binding matrix for 2 minutes. After settling for 3 
minutes, 500µL of supernatant from the top was removed and discarded. The rest 
was filtered through the spin filter and centrifuged at 14,000g for 1 minute at 
each time. Liquid from the bottom of catch tube was discarded. 500µL SEWS-M 
was applied to the filter and used to re-suspend the pellet. The filter tube was 
then centrifuged at 14,000g for 1 minute. After empting the catch tube, it was 
centrifuged at 14,000g for another 2 minutes. With the replacement of new catch 
tube, 50µL RNAnase-free water was added to the filter. The tube was incubated at 
55°C in water bath for 5 minutes. The tube was then centrifuged at 14,000g for 1 
minute to elute the DNA to catch tube. DNA extracted was stored at -20°C. 

2.4.2. Power Soil Kit 

Genomic DNA was extracted from each pig faecal samples by Power soil DNA 
extraction kit according to manufacturer’s protocol with modification. Solution 
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C1-C5, lysing matrix and spin filter tubes were provided by the kit. Generally, 0.3g 
pre-mixed pig faecal sample was transferred to the cell lysing matrix tube 
supplied. Each tube was shaken on the bead beater instrument at speed 48 for 1 
minute. The tubes were centrifuged at 13,000g, for 5 minutes. All the 
supernatants were transferred to a 2 ml tubes containing 300µL C2 and placed in 
4°C for 5 minutes. After centrifuge at 13,000g, for 2 minutes, the supernatant was 
transferred to 2mL tubes containing 300µL C3 and placed in 4°C for 5 minutes. 
After centrifuging at 13,000g, for 2 minutes, supernatant was transferred to 1mL 
binding matrix in a 15mL falcon tube. After mixing well, all the liquid was filtered 
through the spin filter tube and washed with 500µL C5. 50µl RNAnase-free water 
was added to the spin filter with new catch tube. The tube was then incubated at 
50°C for 5 minutes before the final centrifuge elution at 13,000g for 1 minute.  

2.4.3. Conventional DNA Extraction[13] 

Conventional DNA extraction method used in this report was described by Tang et 
al. [13] with modification. 0.5g beads (0.3mm in diameter) were weighted in 
autoclaved capped tubes. 570µL buffer TE was added to the tube as well as 0.3g 
pre-mixed pig stool samples. The tube was shaken on Bead-beater at 48rpm for 1 
minute. 5µL 10% SDS and 3µL Proteinase K was added to the tube. Tubes were 
incubated at 37°C for 1 hour and then at 65°C for 10 minutes. 600µL supernatant 
was transferred to a clean autoclaved 1.5mL tube with 100µL 5M NaCl and 80uL 
CTAB (65°C). 800uL Phenol:Chlorophom:Isoanyl-alcohol (25:24:2) was added to 
the tube and mixed. The tube was then centrifuged at 13,000g for 5 minutes. 
Aqueous phased was then transferred to a new autoclaved tube. Equal volume of 
chloroform/Isoamyl-alcohol was then added to the tube and mixed. The tube was 
again centrifuged at 13,000g for 5 minutes. Aqueous phase was then transferred to 
another autoclaved tube with 300µL isopropanol and it was incubated at -20°C for 
30 minutes. After it was centrifuged at 4°C, 13,000g for half an hour, the 
supernatant was removed and 500µL 70% ethanol was added. The tube was again 
centrifuged at 4°C, 13,000g for 5 minutes. The supernatant was then removed. 
After the pellet was air dried, 50µL water was added to each tube to resuspend 
the DNA pellet. 

2.5.  Molecular Analysis of all 95 Samples 

2.5.1.  DNA Extraction  

Based on the outcomes of comparative analysis (see below), all 95 samples were 
extracted using the Power Soil kit as described in 2.4.2.  

2.5.2. Pyrosequencing and Result Analysis   

The concentration of each eluted DNA was checked on Nanodrop spectrometer 
(Thermo Scientific, US) as well as the purity (indicated as 260/280 ratio). The 
quality of the extracted DNA was examined by running through 1% agarose gel to 
check whether the extracted DNA was sheared (referred to smears). 200ng DNA 
from each sample was submitted to Australian Centre for Ecogenomics (ACE, 
Australia) for 454 pyrosequencing targeting V6-V8 region of 16S rRNA. Samples 
were sequenced with 926F (5’-AAACTYAAAKGAATTGRCGG-3’) and 1392wR (5’-
ACGGGCGGTGWGTRC-3’) primers on the Ti454 platform in a single run with 
individual barcodes.  

Pyrosequencing results were then analysed through the ACE Pyrosequencing 
Pipeline (https://github.com/minillinim/APP) in a local implementation. 
Sequences reads were split according to the barcode in QIIME[14]. De-multiplexed 
sequences were then trimmed to 250bp length and de-noised by ACACIA [15]. 
Sequences with 97% similarity was assigned to one operational taxonomic units 
(OTUs) by CD-HIT-OTU [16, 17] and aligned by Pynast [18]. Each sequence was 
then assigned to the taxonomy with BlastTaxonAssigner in QIIME through 
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greengenes database (2013 May release). Non-normalized OTU table, rarefaction 
curve and Principle Coordination Analysis (PCoA) based on UniFrac distance were 
generated by QIIME. Normaliser (https://github.com/minillinim/Normaliser) was 
used to find a centroid normalized OTUs table by randomly picking subsets with 
1100 sequences from non-normalised OTUs table 1000 times. 

2.5.3. Function Prediction by PICRUST 

Phylogenetic Investigation of Communities by Reconstruction of Unobserved States 
(PICRUST) was carried out to predict metagenome functional content from 16S 
rRNA surveys [19]. Pre-calculated 16S gene copy numbers were generated based 
on ancestral state reconstruction algorithms [20] and used to correct the readings 
of each close reference picked OTU in normalized OTUs table. KEGG Ortholog (KO) 
predictions and abundance of function genes of each closed-reference picking 
OTUs were obtained from PICRUST.   

2.5.4. Statistical analysis 

The normalized OTUs table from QIIME and KO predictions were imported into R, 
version 2.15.1 (R Development Core Team) to perform statistical analysis. 

2.5.4.1. Modelling and ANOVA 

Analysis of Variance (ANOVA) was used to investigate whether the effect of 
factors, which including age, diet and microbial community, are significant.  It 
was performed with function aov in package “stats”.  

To investigate the impact of microbial community in the absence of age and diet, 
the effect of pig age was removed by a 2nd order function as follows: 

     (   ̅)   (     ̅̅ ̅)   ………………………………………………………[1] 

Where    is the weight gain after removing the effect of age,   is the original 

weight gain,   is the age (weeks),  ̅ is the mean of age,    is the square of age 

and   ̅̅ ̅ is the mean of the square of age,   is the slope of regression on age and 
the square of age. The effect of diet was removed by subtracting the mean of 
weight gain in each Diet group following correction for age. 

2.5.4.2. Multivariate analysis 

Multi-Dimensional Scaling (MDS) based on Bray-Curtis dissimilarity was used to 
access whether the differences between extraction methods can vary the result of 
pyrosequencing significantly. This was performed by function metaMDS in package 
“vegan”[21]. 

Principle Component Analysis (PCA) using Euclidean distance on Hellinger [22] 
transformed OTUs table were used to distinguish the pig samples collected from 
different age and diet groups based on their microbial community and to identify 
the major microbial niches causing differentiations. This was performed with 
function rda in package “vegan”[21].  

3. Outcomes 

3.1. Optimising Extraction Method 

Samples are identified as diet (A – wheat, C - wheat, D – barley), pig number (1-
16), quality (L, M, H), extraction method - Power soil kit (P), Fast spin kit (F) and 
conventional method (C), and replicate (1-3). Nanodrop results are summarized in 
Appendix 2, Table 1. Based on Nanodrop analysis, DNA extracted from Fast spin kit 
normally gave the highest concentration with good purity. The result with the 
conventional method fluctuated in both C12M and D13L sample, for example the 

concentration of C12MC1 and C12MC3 were around 100ng/L while C12MC2 was 
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only 12.09ng/µL (These 3 are replicates of the conventional method applied to 
C12M). In addition, D13L sample extracted with conventional method failed to 
produce a high purity. DNA extracted with Power soil kit had lowest but stable 
concentration (10-20ng/µL) in all samples with acceptable purity. 

Perfect, tight bands were produced by Power soil kit from all three samples. The 
quality of the extracted DNA by Fast spin kit from C12M samples showed almost 
single bands with some smearing and perfect bands from A16H samples, however 
long smears were observed from D13L samples. The worst quality DNA was 
generated by conventional extraction method with heavy smears. 

Conventional extraction on D13L samples failed, and sequences could not be 
amplified. Analysis through MDS (Figure 4) of the sequenced data indicated that 
technical replicates clustered very well, with samples differentiated by origin 
rather than by extraction method. This indicates that results are not sensitive to 
extraction method. Fast Spin kit recovered less OTUs (operational taxonomic units 
– unique sequences indicating different microbial clades) from the same sample, 
especially on low quality samples (Table 5). Power soil kit matched better with 
conventional method in terms of OTU selection, while Fast spin kit was 
substantially differentiated to these two other methods.   

 
Table 5 - Average number of OTUs observed by different methods. DNA extraction 
methods were tested on: pig 16 from diet A, representing high quality extraction from 
Fast spin kit (A16H); pig 12 from diet C, representing medium quality extraction from 
Fast spin kit (C12M); pig 13 from diet D, representing low quality extraction from Fast 
spin kit (D13L). Methods tested are Power soil kit (P), Fast spin kit (F) and 
conventional method (C).  

Sample ID Average OTUs 

recovered 

Standard 

Deviation 

A16HP 270 9 

A16HF 247 5 

A16HC 280 4 

C12MP 269 17 

C12MF 264 4 

C12MC 268 16 

D13LP 240 15 

D13LF 191 11 
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Figure 4 - MDS of pyrosequencing result from all samples extracted with different 
methods. The replicates of each sample were clustered well.  Axes represent the 
samples translated to a non-dimensional scale.  Clustering indicates on aggregate, that 
clustered samples share similar characteristics. Methods tested are Power soil kit (P), 
Fast spin kit (F) and conventional method (C). 

Some OTUs were better detected by Fast Spin kit (Figure 5). These included OTUs 
which were detected at lower abundance in other methods such as Escherichia in 
A16H, Streptococcus and Lactobacillus in D13L, and OTUs which were almost 
undetectable in other methods such as Clostridium in C12M. However, the 
variability within the triplicate samples by Fast spin kit was also high in these 
OTUs. Interestingly, these are all gram positive bacteria. As there were huge 
amount of peptidoglycan in their cell walls, this group of microorganisms had a 
thick cell wall. With various sizes of beads used in the Fast Spin kit, it provided 
better extraction of these gram positive microorganisms. However, this carries a 
high level of variation. As mentioned before, DNA extracted from D13L sample by 
Fast spin kit produced a long smear. This could serve as a reason why a low 
number of OTUs were recovered from D13L by the Fast spin kit and also lead to 
the differences between methods. Due to the same reason, the abundance of 
genus Prevotella was reduced. Notice that, although the conventional method 
produces long heavy smear on most samples, there is no obvious drop on the total 
OTUs recovered and the abundance of OTUs comparing to Power soil method.  
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Figure 5 - Mean abundance of specific OTUs with large differences between different 
methods. DNA extracted by Fast Spin kit (F) showed huge variation on individual OTUs 
and comparing to Power soil kit (P) and Conventional method (C). Methods tested are 
Power soil kit (P), Fast spin kit (F) and conventional method (C). 

Although Fast Spin kit provides a better recovery on gram positive microorganism, 
due to the size of beads, the variation between each extraction is hard to control. 
This property makes this method useful to recover most microorganisms from a 
single extraction to explore the microbial community but not suitable for routine 
comparison, in this case, monitoring 16 pigs over time. Conventional method is 
time consuming and fails to be amplified on low quality samples. Power Soil 
produces a stable and clear DNA extraction, and produces similar results to other 
samples. To possibly overcome the gram positive issue, Power Soil kit could be 
modified as: 1) adding more samples 2) increase the bead beating time and 3) 
with additional vortex before and after bead beating. Power Soil kit was used for 
further DNA extractions with the improvement mentioned above. 

3.2. Complete Analysis 

All extractions yielded DNA successfully and were able to be amplified and 
sequenced. This project was data rich, and has yielded a total of 505,322 reads 
assigned to 2,255 OTUs from total 95 samples from four diet groups and 6 age 
periods.  

3.2.1. Microbial Community Shift 

PCoA analysis based on weighted UniFrac of all samples is shown in Figure 5.  This 
considers both microbial diversity and phylogeny (i.e., number and diversity of 
community).  This indicates pigs diverge from lower right, to upper left as the pig 
ages (Figure 6). After the second sampling event, the microbial community of 
each diet group gravitated towards unique locations correlating with each feed 
type (3 months adaptation with each diet). The top left group consisted of pigs 
mainly with Diet A and C (wheat based). Pigs with Diet D (barley based) moved to 
the bottom left corner. Pigs with Diet B (sorghum) lay between these groups. 
There are individual differences within groups observed such as pig A10 from Diet 
A in the late stage and pig C6, C12 from Diet C in late stage were positioned 
between Diet B and D. 
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Figure 6 - PCoA Analysis of pyrotag results from all samples. Diet types are colour 
coded as A: cyan, B: yellow, C: red, D: green and age periods are distinguished by the 
size of circle (small to larger circle indicating early to late stages). A and C are wheat 
based, B is sorghum based, and D is barley/Mung based.  Symbols are scaled according 
to pig age. 

Microbial diversity from each pig decreased after 3 months (Figure 7A). At the 
early stage (Set 1, 1 month), the diversity between different diet groups was 
similar (p>0.1). There is a higher diversity (especially dominant populations) as 
suggested by Shannon index in (Figure 7B) associated with non-wheat based diets 
(B and D) digestion at later stages (Set 6, 3 months) than other diets (p<0.05). 
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Figure7 - Microbial diversity as indicated by Shannon Index of pyrosequencing on pigs 
from different collection stage (set 1-1 month to set 6-3 months, indicated by different 
line pattern) and different diet groups. Diet A and C is wheat based (W), Diet B is 
Sorghum based (S) and Diet D is Barley based (B). 

 The microbial community in general were dominated by phylum Firmicutes (e.g., 
includes Clostridia) in every pig during all stages (Figure 8). Phylum Bacteroidetes 
accounted for 10-20% at the early stages and suddenly disappeared in Diet A and C 
from 2 months adaptation (Set 3) but gradually decreased to 1-2% in Diet B and D 
at later stages. Archaea (consisted of mainly Methanobrevibacter) appeared in 
higher amounts in pigs with Diet B and C at late stage indicating these pigs are 
potentially higher methane emitters. 

 
Figure 8 - Phylum distribution in pigs from different diet groups at different stages. 
Diet A and C is wheat based (W), Diet B is Sorghum based (S) and Diet D is Barley based 
(B).    
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The top 10 OTUs are shown in a heatmap in Figure 9. This again demonstrates diet 
and age as an important predictor of the emergence of microbial community and 
with a decrease in diversity in older pigs. The number of shared OTUs between 16 
pigs drops from 17 OTUs at stage 1 to 8 in late stage. Turicibacter, dominated the 
microbial community in all pigs at early stage and reached to the maximum at Set 
3 then gradually dropped to below 5% in average at final stage. Genus Turicibacter 
is normally detected in the gastrointestinal tracts and faecal samples from human, 
cows and pigs and thought to be related to the gut activity [23-25]. The only 
species found to date, Turicibacter sanguinis is able to produce only lactate and 
acetate by fermenting maltose and 5-ketogluconate [26].  

OTU identified as family Aerococcaceae (refer to Aerococcaceae.1 in Figure 9) 
became the dominant bacteria in both Diet A and C. The high body weight gain 
groups (Diet B especially) caused a more dynamic response, with shifts to a 
relative higher diversity (compared to other groups) and co-dominated at mid- and 
late-life populations by a group of  lactic acid bacteria including Trichococcus, 
Lactobacillus and unclassified OTU in family Aerococcaceae, as well as one 
unclassified OTU in order Clostridiales and Methanobrevibacter. Trichococcus 
consists of five facultative anaerobic species those are able to grow at low 
temperatures (Liu et al., 2002). Most are able to grow on sugars and some organic 
acids such as pyruvate and citrate to produce lactate, formate, acetate and 
ethanol (Pikuta et al., 2006). Genus Methanobrevibacter is one of the main CO2-
reducing methanogen in human colon (Miller et al., 1986; Lin & Miller, 1998). Four 
species isolated from animal faeces are all strict anaerobic which produce 
methane from H2 and CO2 only (Miller et al., 2002).Interestingly, the abundance 
of Trichococcus, Lactobacillus and unclassified OTU in order Clostridiales were 
different between Diet B group and others (P<0.05) but not different between 
Diet B and pig A10 (P>0.1), which also had high body weight gain (Figure 1).  

 
Figure 9 - Heatmap comparison in four diet types (A-D) and age period (Set1-6). 
Heatmap shows the distribution shift of top 10 OTUs based on the relative abundance 
after square root transformation. OTUs are labelled with lowest known classification 
(g: genus, o: order, f: family). 

Lactic acid bacteria are commonly used as probiotics due to their ability to 
promote flanking communities, leading to enhanced animal health and nutrition 
[27]. The capability of fermentative activity can possibly stimulate digestion in 
animals [28]. For example, most stains in Trichococcus are able to ferment glucose 
(at 5mM) under anoxic condition and produce lactate, formate, acetate and 
ethanol. Nutrient digestion improvement was observed in gastrointestinal tract 
with production of lactic acid by Lactobacillus [29].  
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Unfortunately, with limited classification, it was difficult to define the nature of 
both family Aerococcaceae and order Clostridiales, as both contain either 
beneficial or pathogenic strains to human health and animal welfare. For 
example, some Aerococcus species have been involved as infrequent cause of 
endocarditis, meningitis, and urinary tract infection. Clostridium are abundant 
acetogen in the human gastrointestinal tract while some species in both genera 
are also able to ferment carbohydrates or amino acids [30] and produce ammonia 
rapidly which leads to inefficiencies in ruminant nutrition [31]. Many Clostridium 
spp. produce phospholipases C and some specific ones can induce gas gangrene in 
pigs [32]. Clostridium difficile was also thought to be the major cause of neonatal 
diarrhoea [33] in both piglets [34, 35] and adult pig [36]. However, using 
Clostridium butyricum as probiotic additive showed positive correlation to growth 
performance, immune function and maintaining a balanced intestinal microbial 
community in broiler chickens [37].  As analysed in the correlation analysis of this 
report, PC2, which is related to an increase in order Clostridia is generally related 
to decreased weight gains.  

Diet B substantially enhanced emergence of methanogens (Archaea), where 
Methanobrevibacter accounted for a high abundance in the final stage. 
Methanobrevibacter was frequently detected in the study of methanogenic 
archaea on pig faeces samples [38, 39]. Su and colleagues [39] also identified the 
dominant archaea species are Methanobrevibacter smithii, Methanobrevibacter 
ruminantium and Methanobrevibacter gottschalkii in both genetically obese and 
lean pigs. Methanobrevibacter gottschalkii is the only specie isolated from both 
horse and pig faeces [40]. It is a strict anaerobe and able to produce methane 
from H2 and CO2 with the presence of acetate and/or one or more components of 
trypticase or yeast extract [40]. 

Other than the top 10 OTUs, there are several microorganisms draw attentions 
too. Genus Prevotella (belong to phylum Bacteroidetes) was often found at the 
early stage of all diet groups (e.g. OTUs 24 and 28 in Figure 9). Prevotella is 
normally found at high amount in gut of children [41] and dominate in those who 
consume more carbohydrat [42]. This genus is able to cause anaerobic infection in 
human who were bitten by pig [43], and it is also used as an indicator of fecal 
pollutions from pig in water [44]. In addition, an animal pathogen Erysipelothrix 
rhusiopathiae (referring to OTU_12 in Figure 10), which can causes Erysipelas 
affecting growing and adult swine, was also identified in pig 1 which was 
despatched due to prolapsed rectum before the last sample collection and pig 7 at 
set 6 (3 months sample collection). Some OTUs are presenting in specific pigs. 
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Figure 10 - Heatmap of top 20 OTUs in each sample. Each sample was labelled as set 
referring to the collection date (6 in total), and pig number (1-16). OTUs is labelled as 

OTUs numbers.  

During the trial, pig 8 was treated with 1.5mL Linco-Spectin (antibiotic) due to 
diarrhoea and abdominal pain between set 3 and 4; pig 3 was treated with 4mL 
Engenmycin 100 (antibiotic) due to outer toe coronet infection trauma between 
set 3 and 4. The effect of antibiotic on these pigs was compared to other pigs in 
the same diet group in Figure 10. Antibiotics caused a dramatic drop of 
Turicibacter and Aerococcaceae after the treatment (Set4_8* in Figure 11A and 
Set4_3** in Figure 11B), but the major shift from a diverse community to 
Aerococcaceae dominating remained similar in the pigs with the same diet. A 
significant increase in Sutterella and Clostridium perfringens were reported in 
dogs with acute diarrhoea [45] However, in this study with pigs, an abnormally 
high amount of Turicibacter identified in pig 8 when it had diarrhoea (Set3_8 in 
Figure 11A) may suggest Turicibacter may relate to the cause of diarrhoea in pigs. 
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Figure 11 - Comparison of the major community of pigs with and without antibiotic 
treatment in Diet A group (A) and Diet C group (B). * pig 8 was treated with 5mL Linco-
Spectin before set 4 collection. ** pig 3 was treated with 4mL Engenmycin 100 before 
set 4 collection.   

3.2.2. Metabolic Capability 

Metabolic capability of the microbiome was analysed by potential function 
(obtained from PICRUST).  Linkages are shown in Figure 12. The linkage between 
potential function (obtained from PICRUST) and microbial community can be 
examined by comparing the PCA analysis on both aspects. At early life stage, 
microbial community is much diverse and the potential function is simply 
dominated by potential amino acid metabolism. As the pig ages, metabolism shifts 
from amino acid metabolism to more specialised functions. Carbohydrate 
metabolism developed in wheat based diets (A and C) and was mainly contributed 
by Aerococcaceae which has potential for carbohydrate (sucrose, galactose, 
fructose and mannose) as well as derives (amino sugar and nucleotide sugar) 
metabolism. Energy metabolism is the main factor differentiating Diet B and late 
stage Diet D (Sorghum and Barley/Mung) from others in terms of functionality. 
This is largely related to oxidative phosphorylation, which is related to organic 
acid metabolism rather than carbohydrate conversion. This metabolism is 
contributed by Methanobrevibacter and Clostridiales which were involved in 
methane metabolism. The middle age samples in Diet D formed another cluster in 
the right bottom of Figure 12. This is driven by high abundance of Lactobacillus 
which is capable of lipid metabolism including glycerophospholipid and 
glycerolipid metabolism. 
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Figure 12 - PCA analysis illustrating the major metabolism function differentiating four 
diet types  and age periods (small to larger circle). Diet A and C is wheat based (W), 
Diet B is Sorghum based (S) and Diet D is Barley based (B).     

3.2.3. Nutritional Modelling 

Incremental weight gain (weight gain over the period in question) has been used 
as the major output for analysis.  The microbial community principal components 
(PCs) have been used as the inputs for microbial modelling.  Principal components 
(as shown in Figure 6) represent variability across a very large data set by 
maximising variability able to be represented in translated space.  In this case, 
PC1 represents 38.1% of the total variance, PC2, 20% etc. Therefore PC1-PC6 can 
be regarded as microbial community indicators representing whole population 
characteristics. 

Interaction effects were evaluated, but do not form a large proportion of variance 
and have been removed for presentation.  Assessing the basic ANOVA (Table 6), a 
number of predictors have strongly significant correlation, including age, diet, and 
PC2 and PC4.  Pig age is the major predictor of weight gain, representing 70% of 
variance (R2=0.7).  Once second order effects are accounted for, age represents 
88% of variance.  Age and diet together (including second order effects in age) can 
represent 94% of the variance (R2=0.94), with both being highly significant 
(p<0.001).  Once these effects are removed, microbial community has no further 
effect on incremental weight gain in aggregate (p=0.4) or individually according to 
PCs (p>0.2).   
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Table 6 - ANOVA result considering all factors. 

 
Df SS F p(>F) 

p(>F)2 
ex 

Diet & Age 

SS3 
as 

predictor 

p(>F)3 
as 

predictor 

Diet 3 62 10.1 9.1E-06  N/A N/A  N/A  

Age 1 889 435.7 2.0E-16  N/A N/A  N/A  

PC1 1 11 5.1 0.02 0.69 205.7 1.0E-12 

PC2 1 97 47.4 9.60E-10 0.48 602.9 2.0E-16 

PC3 1 11 5.2 0.02 0.46 1.8 0.44 

PC4 1 37 18.3 4.9E-05 0.99 141 1.0E-09 

PC5 1 14 6.5 0.01 0.35 0.5 0.67 

PC6 1 4 1.8 0.18 0.45 77 2.4E-06 

Residuals 84 171        266   

1. Red: Highly significant (p<0.001), brown: significant (p<0.01), green: threshold 
(p<0.05)  

2. Considers ANOVA once age and diet removed by modelling 
3. Considers ANOVA without the effect of age or diet. 

As such, microbial community has no impact as a factor separate from those 
determined by age and diet.  As a predictor though (last column, Table 6), 
without considering age or diet, a number of PCs can be used to predict weight 
gain (R2=0.8), with PC2 along being a good aggregate predictor (negatively 
correlated R2=0.5).  Importantly, organisms that were identified as being 
qualitatively negative to nutritional outcomes (including Clostridia and 
Trichococcus) contributed strongly to PC2. 

Therefore, while microbial community does not explain nutritional outcomes 
separately from those due to the primary factors of age and diet as explanatory 
factors, it does explain why age and diet have an effect in terms of emergence of 
dominant organisms. 

4. Application of Research  

There are two major outcomes from the project:- 

(a) The analysis of extraction methodology has been submitted and presented 
as a conference paper at the Australasian Pig Science Association (APSA 
2013) conference in 2013.  It has also been prepared as a journal 
publication. This will enable better, more standardized extraction of 
samples for hind gut pig microbiome analysis. 

(b) The full microbiome has now been analysed as discussed, and indicates 
that while gut microbiome is not a separate factor from age and diet, it 
can explain why age and diet have an effect on nutritional outcomes.  This 
can be used to develop indicators of successful pig rearing strategies for 
future use. 

Potential benefits are an understanding between the nutritional outcomes 
associated with feed types as identified in the larger PigBal study. Wheat based 
diets (A and C) had a lower weight gain as compared to diets B and D, and also 
had a lower metagenome population diversity, particularly amongst dominants.  
Key organisms contributing to lower nutritional gains, as analysed across all 
samples could be identified based on their abundance in principal components 
correlated with negative nutritional outcomes, and this could form the basis for 
more informed diet formulation, particularly targeted at different ages. 
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5. Conclusions  

Powersoil extraction was identified as the most consistent, repeatable method, 
even though all methods introduced less variation than the host, even in the most 
difficult samples. This extraction technique was applied to all 95 samples, and the 
samples sequenced using Ti-454 pyrosequencing. 

Age was the largest predictor of microbiome, followed by diet. Results indicated a 
decrease in diversity as the pig aged, with higher diversity in sorghum and barley 
diets (these also had better nutritional outcomes). Specific organism responses 
could be observed (e.g., diet B had a substantial methanogen population not 
observed in other pigs).  Statistical analysis indicated that while microbial 
population was a good predictor (R2=0.8), of nutritional gains, it had no significant 
effect beyond that caused by age and diet.  This means that microbial population 
can be used to further interpret and inform diet manipulation, particularly 
considering change during pig growth, rather than attempting to directly 
manipulate population. 

While pig health was originally nominated as a target for analysis here, there was 
insufficient information here to differentiate health indicators.  That is, a much 
larger herd, with strong and continuous variation in health indicators beyond 
nutritional information would be required to develop correlations between these 
and microbial community.  

6. Recommendations  

 Publish two papers on extraction methodology and nutritional 
correlation respectively. 

 Investigate how to further utilise outcomes to direct diet formulation, 
possibly across larger population samples, in larger herds, and with 
more diverse feeds. This might involve strategies to tailor diet and 
other treatment for specific pig ages, using microbial indicators as 
metric indicators. 
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9. Appendix - Impact of different DNA extraction method on 
pyrosequencing of Pig Faecal sample  

Summary 

This section provides additional information to the DNA extraction method 
development.  It describes testing the impact of three different DNA 
extraction methods on pyrosequencing of pig faecal samples, including two 
commercial kits called fast spin (FS), Power soil (PS) and one conventional 
method (CT(. Three pig samples from the first DNA extraction attempt with 
FS were referred to high, medium and low quality. Each sample was 
performed three times with each extraction methods. The main factor 
differentiating different sample was the origin rather than extraction 
method. By comparing the pyrosequencing result, it was found that:  1. FS 
was able to recover more microorganisms, but the variation between 
technical replicates was high. 2. CT produced worst quality on extracted 
DNA and failed to be amplified on low quality sample. 3. PS is able to 
produce high quality DNA and to predict the trend with acceptable 
variation between replicates.    

Introduction 

Pig faecal samples are important for monitoring the activity in pig gut.  Due 
to the nature of complexity, extracting DNA from these samples can be 
quite challenging. The aim of this experiment is to test the suitability of 
DNA extracted from different DNA extraction method from different 
toughness of samples.  

Material and Method 

The samples used in this experiment were pig faeces from three pigs grown 
on wheat based feed called P12, P13 and barley based feed called P16. As 
shown in Fig 1, the quality of DNA extracted was low, medium and high for 
P13 (Referred to L), P12 (Referred to M) and P16 (Referred to H). The three 
DNA extraction method used are two commercial extraction kit, PowerSoil® 
DNA Isolation Kit (MO BIO, US) and FastDNA® Spin Kit For Soil (MP, US) and 
one traditional extraction method (Tang et al., 2008).  

 
Figure 1 - DNA extraction of 16 pig samples. 
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DNA extraction 

Three samples representing low, medium and high quality extraction 
respectively from Fast spin soil kit were used to test the DNA extraction 
method. These pig faecal samples contain three different layers with a 
liquid layer, a mud layer and solid settlement. Each sample was 
homogenized before each method to obtain a representative sample. 

Fast spin for soil kit 

DNA extraction with fast spin for soil sample was performed according to 
the manufacture’s manual with modification. Sodium phosphate buffer, MT 
buffer, lysing matrix, Protein Precipitation solution, binding matrix, and 
SEWS-M were supplied in this kit. 978µl sodium phosphate buffer and 122µl 
MT buffer was mixed with approximately 0.3g (wet weight) of samples in 
lysing matrix with various sizes of glass beads. The sample was blended in a 
Bead-Beater (Daintree Scientific, Australia) at a speed setting of 48 for 60 
seconds. The tubes were put into ice to cool to room temperature and then 
centrifuged at 14,000g for 15 minutes to pellet debris. Supernatant was 
carefully transferred to a 2ml tube and mixed with 250µl PPS. The tube was 
then centrifuged at 14,000g for another 5 minutes to pellet the precipitate. 
The supernatant was then transferred to a 15ml tube and mixed with 1ml 
binding matrix for 2 minutes.  After settling for 3 minutes, 500µl of 
supernatant from the top was removed and discarded. The rest was filtered 
through the spin filter and centrifuged at 14,000g for 1 minute at each 
time. Liquid from the bottom catch tube was discarded. 500µl SEWS-M was 
applied to the filter and used to resuspend the pellet. The filter tube was 
then centrifuged at 14,000g for 1 minute. After empting the catch tube, it 
was centrifuged at 14,000g for another 2 minutes. With the replacement of 
new catch tube, 50u\µl RNAnase-free water was added to the filter. The 
tube was incubated at 55 °C in water bath for 5 minutes. The tube was 
then centrifuged at 14,000g for 1 minute to elute the DNA to catch tube. 
DNA extracted was stored at -20 °C.   

Power soil kit 

Genomic DNA was extracted from each pig faecal samples by Power soil 
DNA extraction kit according to manufacturer’s protocol with modification. 
Solution C1-C5, lysing matrix and spin filter tubes were provided by the kit. 
Generally, 0.3g pre-mixed pig faecal sample was transferred to the cell 
lysing matrix tube supplied. Each tube was shaken on the bead beater 
instrument at speed 48 for 1 minute. The tubes were centrifuged at 
13,000g, for 5 minutes. All the supernatants were transferred to a 2 ml 
tubes containing 300 µl solution C2 and placed in 4 °C for 5 minutes. After 
centrifuge at 13,000g, for 2 minutes, the supernatant was transferred to 
2ml tubes containing 300µl solution C3 and placed in 4 °C for 5 minutes. 
After centrifuging at 13,000g, for 2 minutes, supernatant was transferred 
to 1ml binding matrix in 15ml falcon tubes. After mixing well, all the liquid 
was filtered through the spin filter tube and washed with 500µl solution C5. 
40µl RNAnase-free water was added to the spin filter with new catch tube. 
The tube was then incubated at 50 °C for 5 minutes before the final 
centrifuge elution at 13,000g for 1 minute.  
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Conventional method 

Conventional DNA extraction method used in this report was described by 
Tang et al. (2008) with modification. 0.5g beads (0.3mm in diameter) were 
weighted in autoclaved capped tubes. 570µl buffer TE was added to the 
tube as well as 0.3g pre-mixed pig stool samples. The tube was shaken on 
Bead-beater at speed 48 for 1 minute. 5µL 10% SDS and 3µL Proteinase K 
was added to the tube. Tubes were incubated at 37 °C for 1 hour and then 
at 65°C for 10 minutes. 600µL supernatant was transferred to a clean 
autoclaved 1.5mL tube with 100µL 5M NaCl and 80uL CTAB (65°C, ). 800uL 
Phenol:Chlorophom:Isoanyl-alcohol (25:24:2) was added to the tube and 
mixed. The tube was then centrifuged at 13,000g for 5 minutes. Aqueous 
phased was then transferred to a new autoclaved tube. Equal volume of 
chloroform/Isoamyl-alcohol was then added to the tube and mixed. The 
tube was again centrifuged at 13,000g for 5 minutes. Aqueous phase was 
then transferred to another autoclaved tube with 300µL isopropanol and it 
was incubated at -20°C for 30 minutes. After it was centrifuged at 4°C, 
13,000g for half an hour, the supernatant was removed and 500µL 70% 
ethanol was added. The tube was again centrifuged at 4 °C, 13,000g for 5 
minutes. The supernatant was then removed. After the pellet was air dried, 
50µL water was added to each tube to suspend the DNA pellet.  
The concentration of each eluted DNA was checked on Nanodrop 
spectrometer (Thermo Scientific, US) as well as the purity (indicated as 
260/280 ratio). The quality of the extracted DNA was examined by running 
through 1% agarose gel to check whether the extracted DNA was sheared 
(referred to smears). The final DNA was diluted to 10 to 20 ng/µl and 
submitted to Australian Centre of Ecogenomics (ACE, Australia) for 16S 
pyrotag sequencing.  

Data analysis 

Pyrosequencing result was then analysed through ACE Pyroseuqencing 
Pipline (Imelfort et al., 2011). Basically, the sequences reads was split 
according to the barcode in QIIME (Caporaso et al., 2010). De-multiplexed 
sequences were then trimmed to 250bp length and de-noised by ACACIA 
(Bragg et al., 2012). Sequences with 97% similarity was assigned to one 
operational taxonomic units (OTUs) by CD-HIT-OTU (Wu et al., 2011; Li et 
al., 2012) and aligned by Pynast (Caporaso et al., 2010). Each sequence 
was then assigned to the taxonomy with BlastTaxonAssigner in QIIME 
through greengenes database (2011 Fed release). Finally the non-
normalized OTUs table and rarefaction curve were generated by QIIME.  
Nomaliser (Imelfort and Dennis, 2011) was used to find a centroid 
normalized OTUs table.  The normalized OTUs table was imported into R, 
version 2.15.1 (R Development Core Team, 2012) to generate 
multidimensional scaling analysis using Bray-Curtis dissimilarity method 
with function metaMDS in Package “vegan” (Oksanen et al., 2012).  

Results and discussion 

The name pattern used in this report is that the first letter representing 
the quality (“L” for low quality, “M” for media quality and “H” for high 
quality), then with the method (“P” for Power soil kit, “F” for Fast spin kit 
and “C” for conventional method), followed by the replicate number 
(“1”,”2” and”3”). For example, “HFast1L” represents high quality (P16) 



  

 27 

with Fast Spin method replicate number 1 with low coverage from 
pyrosequencing analysis. 

DNA extraction quantity and purity 

Table 1 - Concentration and purity of DNA extracted from different methods. 

Sample ID Concentration (ng/uL) 

Purity indicator 

(260/280 ratio) 

HP1 12.2 1.8 

HP2 10.9 1.8 

HP3 18.9 1.8 

HF1 68.0 1.8 

HF2 62.3 1.8 

HF3 65.3 1.9 

HC1 86.6 1.8 

HC2 80.0 1.9 

HC3 99.1 1.8 

MP1 18.4 1.7 

MP2 29.1 1.8 

MP3 17.9 1.8 

MF1 116.6 1.8 

MF2 114.7 1.8 

MF3 109.6 1.9 

MC1 103.7 1.7 

MC2 12.0 1.8 

MC3 99.2 1.7 

LP1 13.0 1.9 

LP2 11.7 1.7 

LP3 13.4 1.7 

LF1 121.6 1.8 

LF2 134.6 1.8 

LF3 134.7 1.8 

LC1 32.9 1.5 

LC2 114.0 1.5 

LC3 52.8 1.4 

With 300µL of samples, the DNA extracted from Fast spin kit normally gave 
the highest concentration with good purity. The result with conventional 
method fluctuated in both M and L sample, for example the concentration 
of MC1 and MC3 were around 100ng/üL while MC2 was only 12.09ng/µL. In 
addition, L sample extracted with conventional method failed to produce a 
high purity. DNA extracted with Power soil kit had lowest but stable 
concentration (10-20 ng/µL) in all samples with acceptable purity.  

Perfect single bands were produced by Power soil kit from all three samples 
(Fig 2 as an example). The quality of the extracted DNA by Fast spin kit 
from M samples showed almost single bands with little smears and perfect 
single band from H samples, however long smears were observed from L 
samples (Fig 3). The worst quality DNA was generated by conventional 
extraction method with heavy smears (Fig 4 as an example). 
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Figure 2 - 1% agarose gel of extracted DNA by Power soil kit. Single bands were 
observed on all samples showed a high DNA quality. 

 
Figure 3 - 1% agarose gel of extracted DNA by Fast spin kit. DNA quality of sample M 
and H were acceptable, while sample L showed long faint smears which indicated DNA 
shearing. 

 
Figure 4 - 1% agarose gel of extracted DNA by Conventional extraction method. Heavy 
smears observed in most samples indicating bad DNA quality. 
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Figure 5 - Multidimensional scaling analysis of pyrosequencing result from all samples 
extracted with different methods. The replicates of each sample were clustered well. 

Technical triplicates from each sample were clustered well (Fig 5). The 
main differentiation factor could be the origin of sample rather than 
extraction method. This indicated the difference between individual 
samples is possible to be detected by any extraction method.  

Method Fast Spin kit recovered less OTUs from the same sample, especially 
on low quality samples (table 3). Pyrosequencing result of triplicate sample 
extracted by Power soil kit matched better with conventional method (Fig 
6), while the one by Fast spin kit displayed a huge difference to them in 
most samples.  

Table 3 - Average OTUs observed by different methods from different quality samples. 

Sample ID Average OTUs 
recovered 

Standard 
Error 

HP 270 9 
HF 247 5 
HC 280 4 
MP 269 17 
MF 264 4 
MC 268 16 
LP 240 15 
LF 191 11 
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Figure 6 - Multidimensional scaling of pyrosequencing result from sample H (A) and 
sample M (B) extracted from different methods. DNA extracted with Power soil kit and 
conventional method clustered together. 

Some OTUs were prone to be detected by Fast spin kit (Fig 7). These included 
OTUs which were detected at lower abundance in other methods such as OTU 1 
and 20 in H samples or OTU 0 and 4 in L samples, and OTUs which were almost 
undetectable in other methods such as OTU 5, 6 and 18 in most samples. However, 
the variability within the triplicate samples by Fast spin kit was also high in these 
OTUs. Interestingly, most of these OTUs were affiliated to gram positive 
microorganisms. For example,  OTU 5 and 6 were affiliated to a species in order 
Clostridia, OTU 18 was affiliated to a species in genus Turicibacter, OTU 0 was 
affiliated to genus Streptococcus and OTU 4 was affiliated to genus Lactobacillus. 
As there were huge amount of peptidoglycan in their cell walls, this group of 
microorganisms had a thick cell wall. With various size of beads used in Fast spin 
kit, it provided enough force to crash these gram positive microorganisms. 
However, the large variability may indicate that this physical cell breaking need 
more caution to control the process. As mentioned before, DNA extracted from L 
sample by Fast spin kit produced long smear. This could serve as a reason why low 
number of OTUs recovered from L sample by Fast spin kit and also lead to the 
differences between three methods (Fig 5: OTU 0 and 4 in L). Due to the same 
reason, the abundance of OTU 2, 3, 17, and 23 which affiliated to respective 
species in genus Prevotella were reduced. Notice that, although the conventional 
method produces long heavy smear on most samples, there is no obvious drop on 
the total OTUs recovered and the abundance of OTUs comparing to Power soil kit 
method.  
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Figure 7 - Mean abundance of specific OTUs with large differences between difference 
methods. DNA extracted by Fast Spin kit showed huge variation on individual OTUs and 
between other methods. 

Although Fast spin kit provides a better recovery on gram positive microorganism, 
due to the size of beads, the variation between each extraction is hard to control. 
This property makes this method useful to recover most microorganisms from a 
single extraction to explore the microbial community but not suitable for routine 
comparison, in this case, monitoring 16 pigs over time. Conventional method is 
time consuming and fails to be amplified on low quality samples. Power soil 
sample produces a stable and clear DNA extraction, is able to predict the similar 
trend to Fast spin kit (except for low quality sample). To possibly overcome the 
gram positive issue, Power soil kit can be modified as: 1) adding more samples 2) 
increase the bead beating time and 3) with additional vortex before and after 
bead beating.   
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