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Ruminants depend on a complex microbiome in their rumen in order to use plant 

material as their main energy source. The ruminants themselves do not produce 

enzymes capable of degrading plant fibre, which typically makes up 55-70% of a 

pasture forage diet. The microbiota that resides within the rumen is responsible for 

the fermentation of plant material, the end products of which provide nutrition for 

the ruminant. Bacteria that attach to ingested plant material are particularly 

important for initiating the degradation of plant cell walls, but culture-independent 

studies clearly show that the cultured isolates currently available do not adequately 

represent the diversity of bacteria present. Bacteria cultured from the rumen is 

estimated to represent only 10% of the diversity. The reduction in sequencing costs 

with next generation sequence has led to investigators increasingly using ‘omics’ 

approaches to investigate rumen communities. However, information from such 

studies are hampered by the lack of reference organisms spanning the diversity of 

rumen bacteria, again highlighting the need for more cultured representative rumen 

bacteria. In this study, we used liquid media that mimic the physico-chemical 

composition of the rumen in combination with dilution to single cells to obtain >1000 

cultures of anaerobic bacteria from the plant-adherent fraction of bovine rumen 

contents.  

Introduction 

Objectives 

Results 

Conclusions 

• Over 1000 cultures of diverse plant-adherent bacteria have been isolated from 

the bovine rumen, using a single-cell dilution method. 

• 200 of the 828 new isolates have 16S rRNA gene sequence (V1-V3 region) with less 

than 96% identity to a previously-cultured strain. 

• The isolates include members of 103 potentially new species, 59 new genera, and 

2 new families. 

• Members of the phyla Firmicutes and Bacteroidetes form the majority of both the 

culture-independent and isolated plant-adherent bacteria. 

• A good representation (around a third of the pyrosequences) of the plant-

adherent rumen bacterial community was achieved by a simple cultivation 

approach. 

• Isolates were obtained for 50% of the most abundant OTUs. 

• Given our success rate, cultivation of many of the rare groups may be feasible in 

a larger scale cultivation experiment, designed to statistically increase the 

probability of their isolation. 

• Our collection of isolates is now available for study, to lead to a better 

understanding of the plant-adherent rumen community. 
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Culturing rumen bacteria that are representative of the total 
community 

 

Fig. 1a: Sample processing.  Approach used to examine the plant adherent bacterial community in rumen samples by parallel cultivation and molecular detection.   
Fig. 1b: Getting the inoculum concentration right.   The proportion of growth-positive cultures as a function of the mean number of culturable cells in the 
inoculum of a culture  (      ), and the calculated proportion of cultures that will be inoculated with a single culturable cell  (      ).  The proportion of positive 
cultures that will be derived from a single culture cell decreases with increasing inoculum size (      ).  Calculations were made as described by Button et al. (1993,  
Applied and Environmental Microbiology 59: 881-891). 
   

a) 

b) 

Method 

Results of bacterial isolation 

Fig. 3: Cultivation success in largest detected bacterial groups.  Pyrosequence reads were grouped in OTUs at 96% similarity and 
ranked from largest OTU to the smallest OTU. 50 of the largest 100 pyrosequence OTUs also contain at least one sequence from 
an isolate (colored in red). 
   

Contain an isolate sequence 
Pyrosequence only 

Novelty of taxa Family-level cluster Genus-level cluster Species-level cluster 

  No. of 

families 

No. of 

species 

No. of 

isolates 

No. of 

genera 

No. of 

species 

No. of 

isolates 

No. of 

species 

No. of 

isolates 

New 0 0 0 35 56 115 73 174 

Contains a previous isolate that is 

not validly named 
2 4 50 24 23 191 30 276 

Contains a validly named isolate 12 118 751 18 43 495 19 351 

Total 14 77 122 801 

Table 1. Number of uncharacterised species-level clusters and isolates at different taxonomic levels. 

 

Fig. 4. Comparison of isolate sequences, pyrosequences and 
sequences from all previously isolated bacteria deposited in RDP. 
Sequences from the isolates gained in this study, the pyrosequenced 
plant-adherent rumen community and the sequences form all 
previously cultured bacteria (downloaded from RDP) were clustered 
into OTUs at 96% similarity using QIIME. 

Family-, genus-, and species-level clusters were defined by a combination of near full length (>1300 bp) 16S rRNA gene sequence 
similarity groupings and two different tree methods. 

• 6,680 tubes were inoculated, resulting in 1,037 cultures 

• 828 isolates  were identified, comprising of 658 unique sequence types (V1-V3 of 16S 

rRNA gene) and 200 of these sequences represented novel bacteria (<96% similar to a 

previously-cultured bacterium) 

• 204 OTUs when clustered at 96% similarity 

• 51% (105) of the OTUs represent potentially new species (<96% 16S rRNA gene 

sequence similarity to a previously cultured bacterium) 
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Fig. 2. Phyla identified from 16S rRNA gene sequences (V1-V3 region) from A) bacterial isolates from the plant-adherent fraction of 
rumen contents and B) total pyrosequenced community of plant-adherent rumen bacteria. Sequences were clustered at 96% 
similarity in QIIME and assigned into phyla with the RDP classifier within QIIME. 
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Total community 

• New isolates of the as-yet unnamed 

and rarely-cultured R-7 and RC9 

groups (potential new families) 

were cultured. 

• 7.7% of the OTUs (containing 33% of 

the pyrosequences) contained at 

least one isolate, indicating 33% of 

the plant-adherent community was 

cultivated and 7.7% of the diversity 

was cultivated.  

• For the plant-adherent community 

(i.e., pyrosequences), more OTUs 

(169) contained a sequence from an 

isolate cultured for the first time in 

this study compared to the number 

of OTUs (103) that contained 

sequences from previously-isolated 

bacteria.  
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