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Table 1 ~ Composition and the main nutrients values

of the diet used for weaned piglets

Ingredient g/Kg Nutrients parameters Content
Corn 569 Digestive energy(MJ/Kg)  13.58
Soybean meal 200 Crude protein(% ) 19.21
Wheat bran 30 L-dysine (%) 1.36
CaHPO, 12 Methionine (% ) 0.59
Fat meal 36 Calcium(% ) 0.82
Limestone 5 Phosphorous(% ) 0.72
Fish meal 50

Salt 3

L-Lysine 5

Premix 30

1.1.2 : N N

(Ameresco ) Triss EDTA. APS (Simpa USA)
o ( )
BeadBeater ( Biospec ~ USA) Power

Pac1000. Dcode DGGE System. GelDoc XR System
(BioRad Laboratiories USA) .

1.2 VFA
’ VFA
1.3 DNA PCR
Zoetendal
DNA. 0.2 ¢ 1 mL TNI150 (TrisNaCl
buffer) 150 pL ( Mini-
Bead Beater Biospec USA) 5000 r/min 3 min
o ( Tris
(hydroxymethyl) aminomethane Tris) /
DNA TE
(TrisE£DTA buffer) DNA o

DGGE :
GC344F: CGCCCGCCGCGLLCCGCGCCCGTCCLGEC
GCCCCCGCCCCACGGGGYGCAGCAGGCGCGA;SI9R:
GWATTACCGCGGCKGCTG 7 & 110 x
5 pL; Mg>* (25 mmol/L) 3 pL; dNTP (10
mM ) 0.6 pL;TagDNA (5 U/pL) 0.6 pL;
1 uL (1-20ng/pl)

(10 pmoL/L) 1 pL; 50 L. PCR
:94°C 4 min ;94°C 45 5;65C
30 s( 0.5C);72C 30 s 8
94°C 45 5;62°C 45 s( 1C);72°C 30 s
7 ;94°C 45 5;56°C 45 5;72°C 30 s 30
;72°C 5 mino. 1.2%
1.4 DGGE N
Muyzer ° PCR
DGGE . DGGE 8% (
. . N )
40% —55% Dcode DGGE
200 V 10 min 8V
12 h,
GS-800 (BioRad) o
DGGE
1.5 mL 0.5 mL
PCR
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GenBank o 1.6.3 (
1.5 ( 24 ). (7 -21
Blast GenBank ( 21 )
http: / /blast. ncbi. nlm. nih. gov) : Canoco for windows
16S rRNA (Version4. 5) DGGE
ClustalX (RDA)
4.1 ( Molecular Evolutionary Genetics o DGGE
Analysis4. 1 MEGA4.1) . .
1.6
1.6.1 SPSS(13.0) 2
VFA
0.05. 2.1 VFA
1.6.2 DGGE Gelcompar(6. 0) 2 7 -35
DGGE . TVFA (P
UPGMA <0.05) 21.24 35
o (P>0.05),
2 7-35 VFA
Table 2 The changes of the VFA concentration in the colonic contents of piglets from 7day to 35 days
7 day 14 day 21day 24day 35day S.E.M P value
Acetate(mmol /mL) 13.31 14.51 22.56 26.03 32.92 2.333 0.011
Propionate (mmol /mL) 5.98 7.44 9.45 12.83 17.10 1. 164 <0.001
Butyrate(mmol /mL) 2.22 3.33 5.15 4.17 5.15 0.408 0.077
TVFA (mmol/mL) 21.51 25.28 37.16 43.02 55.17 3.751 0. 004
2.2 DGGE AX1 (P:0.002) (P: 0.004)
DGGE 3 1
1A 7.14 (21 70. 4% 2 3
) DGGE 4.4% 1.5% o 1 2
3 (24 ) 35 - 0.998  0.838
DGGE
UPGMA o  2) 14
1B 15 o
6 7 -24 N 0
74.9% ; o
35 7 -24 (0. 6693) ( )
58% o (0.584) ( -0.2794)
2.3
(RDA) DGGE 2.4
Blast GenBank
3 N 3 ( > http -/ /blast. ncbi. nlm. nih. gov)
4
Monte Carlo per-mutation test 3 1 2
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Fig. 1 Denaturing gradient gel electrophoresis profiles and its similarity analysis of methanogens in colonic contentss. * 1 —9 represented the different

bands and the data of 20.7 221 or 29. 6 represent the relative position of band in DGGE profiles.

3
Table 3 Summary of the results of RDA
Items AX1 AX2 AX3
Eigenvalues 0.704 0.044 0.015
Species-environment correlations 0.998 0.838 0.364

Cumulati 7 is
umu dl. ive percentage variance 70.4 74,8 76.3
of species data

Cumulative percentage variance 92.2 08 100

of species-environment relation

Aciduliprofundum boonei 71%  88% ;

3 Methanobrevibacter sp.
93% ; 4609

Methanobrevibacter sp. WBY1

98% 95 % 100% ; 5
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AbM4

73% ; 7
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97% ; 8
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2.5
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Fig.2  The relationship between the methaogenous community
and the environmental factor (the data of 20.7 221 or 29.6

represent the relative position of band in DGGE profiles) .
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4 PCR DGGE

Table 4 Methanogen clones with percentage of similarity to
known sequences in GenBank and sequence length were

retrieved from colonic contents of piglets

Closest known relatives Similarity /%  Accession No. °

1 Aciduliprofundum boonei 71 HQ392858

2 Aciduliprofundum boonei 88 HQ392859

3 Methanobrevibacter sp. AbM4 93 HQ392860 °

4 Methanobrevibacter sp. WBY1 98 HQ392861 9 6 3

5 Methanococcoides methylutens 73 HQ392862

6 Methanobrevibacter sp. WBY1 95 HQ392863

7 Methanobrevibacter millerae 97 HQ392864 .

8  Methanosphaera stadimanae 78 HQ392865

9 Methanobrevibacter sp. WBY1 100 HQ392866 °
14 -15

7-21

(Methanosarcina) o

DGGE

o Christensen

» Butine Leedle
30

10 -12

N TVFA

o« Sorlini : ( Most
probable number method MPN)
; DGGE

N ; Miller Wolin "

DGGE
N TVFA

o

344F/519R 16S rRNA 0
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Fig.3  Phylogenetic tree of methanogen 16SrRNA gene clones from colonic contents of piglets. 1-Euryarchaeota;2-

Crenarchaeota; A-Methanobacteria; B-novel group of uncultivated archaea.
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Methanogen diversity in the piglet colon and its correlation
with environmental factors

Shengyong Mao  Yong Su Cuifeng Yang Weiyun Zhu
College of Animal Science and Technology Nanjing Agricultural University Nanjing 210095 China

Abstract: objective We investigated the correlation between the methanogen diversity in the piglet colon and the
environmental factor (weaning stress diet type and age). Methods The colonic contents of piglets at 7 14 21 28
and 35 days old were collected for the determination of volatile fatty acids and total DNA extraction. DNA was subject to
PCR-DGGE ( Denaturing gradient gel electrophoresis) analysis and interesting bands were excised and sequenced.
Redundancy analysis (RDA) was performed for the correlation between methanogen diversity and environmental factors.

Results As the piglets grew acetate propionate and the total volatile fatty acid production increased significantly (P <
0.05) but butyrate concentration remained stable (P >0.05). The similarity indices of DGGE profiles was higher during
the period of the 7 day to 24 day after birth with grouped in one cluster and the samples from the 35 days were dropped
into another cluster. DGGE analysis showed three dominant bands appeared in samples of 35 d old with their 16S rRNA
gene sequences closely related to Methanobacteria and a novel group of uncultivated Achaean. Redundancy analysis
(RDA) showed that age has the largest relevance to the community structure of bacteria in colonic samples followed by
the diet type. Conclusion The results indicated that the methanogen community in the piglet colon was stable during the
first 24 days after birth and became more diverse at 35 days of age. The methanogens community was mainly affected by
age and the diet type.

Keywords: piglets colon methanogens denaturing gradient gel electrophoresis redundancy analysis
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