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Bacteria 

~300 species 
1010 to 1011cells/ml  

Methanogenic 
Archaea 

~6 species 
106 to 108 cells/ml 

Anaerobic 
Fungi 

~30 species 
<105 cells/ml  

Ciliate 
Protozoa 
~40 species 

<105 cells/ml  

• Large and complex populations of micro-organisms. 
 

• Essential for energy/ protein requirement. 
 

• In balance in microbial community can lead to 
severe illness (acidosis, laminitis, liver abscesses, 
etc). 
 

• Major contribution to GHG/ pollutant emissions 
 

 
 

The rumen 





Rumen bacteria 
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Manipulation of the rumen microbiome:  
 
 

• Live yeast 
• Defaunation 





Action on microbial 
flora  

Increase bacterial 
count 

Increase fiber 
degradation 

Increase microbial 
protein flow 

Increase 
intake 

S.cerevisiae        
(0.5 - 20g/d)  

Improve animal production (early lactation 
and high concentrate diets) 
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Rumen oxygen in lactating dairy cows fed a 
corn silage concentrate diet supplemented  
(●) or without (▲) 5 g /day yeast culture 
(Marden, 2007)  
 
 

The increase in bacterial activity is thought to be 
due to the removal of oxygen from the rumen   



16S rRNA 

Structure of  
16S rDNA 

http://commtechlab.msu.edu/sites/dlc-me/zoo/zqq01025.jpg


3 x 3 Latin Square Design: 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
P : Period 
 

C : Cows 
 

L : Treatments: 
 

L0 = 0 ; L1 = 0.5g/d ; L2 = 5g/d 
 

Live Yeast 

15d 
Adaptation 

4d 
Measurement 

2d 
sampling 

3d 
wash 
out  

Composition of the diet  
(acidogenic):  
 

- 60% corn silage 
- 30% concentrate 
- 10% dehydrated alfalfa 
- Minerals and vitamins 
 

Period design 

L0 L1 L2 P3 
L1 L2 L0 P2 
L2 L0 L1 P1 
A3 A2 A1 

Design of the animal trial (lactating cows) 





C: control 
0.5g: 0.5g/d 
yeast 
5g: 5g/d yeast 

3: solid 
1: liquid 
2: liquid+solid 

Linear Discriminant Analysis (LDA) 



Sanger Next Gen 
Sequencing 
samples 

Single Clones DNA libraries 

Prep Few, seq 
react, clean 
up 

More 
complex 

Data One read per 
sample 

Millions reads 
per sample 

Sanger Next Gen Seq 



Distribution of bacterial groups and response to yeast treatment 



3 x 3 Latin Square Design: 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
P : Period 
 

C : Cows 
 

L : Treatments: 
 

L0 = CONTROL  
L1 = SODIUM BICARBONATE  
L2 = YEAST 

450,000 sequences generated 
350,000 sequences analysed (removed if 
inferior to 150nt and more than 3N)  
 
3 steps process  
1. Pair wise alignment with a gut database 

of the same region that we sequenced 
(135,000 sequences)  

  generated 9500 different matches  
 

2. Recovered the full length of the 
sequence pair wise alignment of the 
9500 matches against an isolate 
database (full length, with bacterium 
identified 110,000 sequences) 
 

3. Report the bacterial composition 
(relative abundance in %) 

L0 L1 L2 P3 

L1 L2 L0 P2 

L2 L0 L1 P1 

A3 A2 A1 

Design of the animal trial (lactating cows) 



Bacterial composition at the genera level 
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Bacterial composition at the genera level 
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• Animals:8 adult Texel-crossbreed sheep (93 kg BW) 
• Treatments: 

Protozoa-Free (P1) Holotrich (P2) Total-Fauna (P3)  
 Diet: DMI=1.6 kg DM/d (67% ryegrass hay, 33% ground barley) 
 Adaptation: 3 months/period 
 Methane emissions (4 days in respiration chambers) 
 Rumen fermentation and DNA studies 

EXPERIMENTAL DESIGN       



Amplification V3 region 16srRNA 
 
3.5 million raw sequences 
Trimming and quality filtering by MOTHUR 

Noise and quimeras removal and OTU table 
construction by CD-HIT OTU 
 
Normalization of data by Daisychopper 
 
864 OTU, 440664 seqs after normalization 

Statistical analysis: Genstat, Permanova, R 



P<0.001 

P<0.001 

P<0.001 

b 

a 
a 

a a 

a a 

b 

b 
+63% 

+65% 
+64% 

Belanche, A, De la Fuente, G, Moorby, JM and Newbold, C.J Are methane emissions determined by the fermentation pattern or by the rumen microbiota? 8th Joint Symposium RRI-
INRA on Gut Microbiology. 17-20 June,2012  

3

1

2

-4

2

4

2-2

0

0

-2

4

-4

2.
16

2

3.079

0.7 0.6 0.5 0.4 0.3 0.2 0.1 0.0 

A8.P1 
A4.P1 
A6.P1 
A1.P1 
A3.P1 
A5.P1 
A2.P2 
A7.P2 
A8.P2 
A6.P2 
A3.P2 
A4.P2 
A1.P2 
A5.P2 
A5.P3 
A1.P3 
A2.P3 
A7.P3 
A6.P3 
A4.P3 
A3.P3 
A8.P3 
A2.P1 
A7.P1 

De la Fuente, G, Belanche, A, Moorby, JM and Newbold, C.J Influence of protozoal colonization on total bacterial communities in the rumen of sheep. 8th Joint Symposium RRI-INRA 
on Gut Microbiology. 17-20 June,2012. Poster 



Actinobacteria

Bacteroidetes

Elusimicrobia

Fibrobacteres

Firmicutes

Proteobacteria

Spirochaetes

SR1

Synergistetes

Tenericutes

TM7

Unclassified

Verrucomicrobia

Fauna-free Holotrich Total fauna 

Fauna-
free Holotric 

Total 
fauna SED P 

Actinobacteria 1.15A 0.09B 0.24B 0.304 0.008 
Bacteroidetes 49.7B 39.3C 68.5A 3.74 <.001 
Elusimicrobia 0.0041 0.0095 0 0.00575 0.283 
Fibrobacteres 2.14 3 2.92 0.995 0.644 

Firmicutes 35.9A 40.2A 17.5B 3.8 <.001 
Proteobacteria 0.51B 0.6B 3.23A 0.949 0.019 
Spirochaetes 0.489A 0.435A 0.159B 0.109 0.02 

SR1 0.615 0.637 0.275 0.2163 0.208 
Synergistetes 0.0034 0.00681 0.00068 0.00233 0.06 
Tenericutes 0.304 0.057 0.123 0.1086 0.095 

TM7 0.608 0.51 0.258 0.1568 0.106 
Verrucomicrobia 0.003 0.037 0.042 0.0326 0.451 

Unclassified 8.54B 15.17A 6.72B 1.259 <.001 

RESULTS         
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1. Apply next generation sequencing and –omics technologies at multiple platforms to collect data 
2. Construct and utilise bioinformatic resources to increase depth of knowledge of functional rumen 
3. Apply model to predict key forage traits and microbial community structures of complex systems 

 Integrated analysis 

(Meta)genome 

Transcriptome 

Proteome 

Metabolome 

Microbial 
products for 

industry 
Primary feeds 

Low 
emissions 

Improved feed 

Trait selection 
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