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Global population is projected to increase from 7.7 billion 
to 9.7 billion by 2050 [1]. Ruminant products are important 
sources of many activities for humans. Rumen plays a 
critical role in ruminant nutrition because the rumen 
microbiome can efficiently convert ingestible plant 
carbohydrates into volatile fatty acids and microbial 
protein. However, methane is an inevitable byproduct of 
rumen fermentation. 

Methane production in rumen leads to energy loss and 
contributes to global warming. Being able to reduce 
methane yield while increase feed efficiency is one of the 
most important challenges facing agricultural industry. 
Previous studies [2, 3] have reported that lactate-related 
microbiome leads to low methane yield (LMY) rumen. 
Heterofermentative growth of bacteria was hypothesized 
to connect with lactate produced. In this study, we 
investigate the bacteria growth and its relationship with 
methane yield in rumen.

1. Introduction

Analysis of metagenome-based growth rates of the rumen 
microbiome showed that the growth rate of 
Faecalibacterium prausnitzii (a butyrate producer) was 
significantly lower in LMY sheep than in HMY sheep, 
whereas the relative abundance of F. prausnitzii did not 
differ. The relative abundance and growth rate of Bacillus
tended to be higher in LMY sheep than HMY sheep. 
Metatranscriptomic analysis of the rumen microbiome 
revealed that in LMY sheep the expression of growth-
related genes of F. prausnitzii was significantly 
downregulated, but that of energy-related genes, including 
those involved in butyrate production, was significantly 
upregulated compared to the HMY sheep. Analysis using 
debiased machine learning (DML) predicted a direct 
significant relationship between the growth rate of F. 
prausnitzii and methane yield, but not between the growth 
rate of Bacillus and methane yield. 

2. Results 

The current study suggests a proportionality between 
methane yield in sheep and the rumen metagenome-
based growth rate of F. prausnitzii but an inverse 
relationship between methane yield and the expression of 
energy-related genes, especially the genes involved in 
butyrate production. The above inverse relationship 
corroborates the relationship reported between butyrate

3. Conclusions 

Fig. 1. Expressions of butyrate-formation-related gene in 
faecalibacterium prausnitzii and UniRef90 database between HMY and 
LMY rumen.

Bar chart showing mean of gene expressions in HMY (orange) and 
LMY (blue). Yellow/ Gray boxes indicate RNA-seq data mapped to F. 
prausnitzii genome/to UniRef90 database. Blue EC numbers highlight 
expressions of gene in F. prausnitzii significantly differ between HMY 
rumen and LMY rumen. *: P ≤ 0.05
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production and hydrogen and methane yield. The 
upregulated expression of the butyrate-producing 
pathway also concurs with the enriched lactate-producing 
bacteria in LMY sheep. The current study also implied a 
correlation between the metagenome-based growth rate 
of Bacillus and methane yield, attributable to microbial 
interactions.
4. Methods and Statistical analysis 
The sampling of contents from sheep rumen, animal diet 
and extractions of DNA and RNA have been described 
previously [2, 3]. Metagenome data (891.33 Gb in total) 
are publicly available and were retrieved from the from the 
National Centre for Biotechnology Information (NCBI) 
under SRA075938. Metagenome data were assembled by 
MEGAHIT assembler. Metagenomic reads were mapped 
to assembled contigs by BowTie2 and samtools . 
Metagenome-assembled genomes (MAGs) were 
reconstructed by MetaBat. MAGs were flittered to have 
above 70% completeness and below 10% contamination. 
Growth rates of bacteria were inferred by DEMIC. 

Metatranscriptome data (62.82 Gb in total) were also were 
retrieved from NCBI. RNA reads were trimmed and filtered 
by 100 length and 20 quality cutoff using Cutadapt. Reads 
were mapped to UniRef90 database by HUMAnN. 
Reference genomes (NCBI ID: 853 and NCBI ID: 1386) 
were downloaded from JGI IMG. RNA seq results were 
normalized in unit of TPM. Wilcoxon signed rank tests 
were performed in R and P values were adjusted by false 
discovery rate correction. DML models were used to 
assess bacteria interactions and prevent spurious 
correlations. 

Fig. 2. Diagram of lactate-related microbiome influencing 
faecalibacterium prausnitzii growth and butyrate formation in LMY 
rumen as summary of this study. 

Yellow/ Blue arrows indicate metabolic hydrogen formation/ consuming 
pathways. 


