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Our objective was to investigate the contribution of the rumen microbiome on
the individual milk fat percentage (MFP) of Holstein dairy cows under the same
nutritional and management conditions. From 92 early lactation dairy cows, the
top 10 with the highest MFP (HF; n = 10) and the last 10 with the lowest MFP
(LF; n = 10) were selected for the study. As a result, the milk trans-10, cis-12
C18:2 content was significant lower in the HF group than that in the LF group
(P < 0.001). The rumen acetate to propionate ratio was significant higher in the HF
group than that in the LF group (P = 0.035). According to the results of 16S rRNA
gene sequencing, a minor but significant difference existed between the groups
(P = 0.040). Three genera of the family Lachnospiraceae and four genera of the
order Bacteroidales were identified to be the biomarkers for the LF group and HF
group in the LEfSe analysis, respectively. Three microbial modules enriched by the
family Lachnospiraceae were positively related to the milk trans-10, cis-12 C18:2
content (rs > 0.60, P < 0.05). According to the results of shotgun metagenome
sequencing, three kinds of linoleic acid (LA) isomerase genes were present in the
gene pools of the rumen microbiome. Among them, the relative abundance of
Bifidobacterium LA isomerase (BBI) was higher in the HF group than that in the
LF group (P = 0.007). Three metagenome-assembled genomes (MAGs) with LA
isomerase genes were positively correlated to the milk trans-10, cis-12 C18:2
content (rs> 0.40, P < 0.05). Furthermore, all of these three MAGs were found to be
able to produce lactate. Taken together, these results indicate that the increased
relative abundance of microbial population with the trans-10 biohydrogenation
pathway within the rumen microbiome contributes to the decrease of MFP via
the increase of rumen trans-10, cis-12 C18:2 production. This study provides
a new perspective for the development of measures for improving the milking
performance of dairy cows.
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FIGURE 3

(A) Major biohydrogenation pathways in the production of C18 fatty acids in the rumen. (B) The relative abundance of lipase and isomerase genes
identified in the metagenome data. (C) The classification and relative abundance of three types of isomerase genes identified in the metagenome
data. (D) The taxonomic annotation and relative abundance of the isomerase genes. HF, the top 10 cows with the highest milk fat percentage; LF, the
last 10 cows with the lowest milk fat percentage; BBI, Bifidobacterium linoleic acid (LA) isomerase; LAI, Lactobacillus LA isomerase; PAI
Propionibacterium LA isomerase. *indicated that P < 0.05 in Wilcoxon rank-sum test.
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FIGURE 4
(A) The phylogenetic tree of 228 metagenome-assembled genomes (MAGs). The color orange and blue on the heatmap next to the tree represented
significantly positive correlations and negative correlations between the relative abundance of MAGs and the relative content of milk trans-10, cis-12
C18:2, respectively. The MAGs who contained the linoleic acid (LA) isomerase were marked by the black arrow. The MAGs in black frame were
selected to do the genomic analysis. (B) The glucose metabolism pathways of the selected MAGs. The detailed information of the enzyme genes was
listed in Supplementary Table 4. (C) The hypothesis concerning the relationship of the major suppliers of reducing equivalents and the production of
C18:2 isomers for the biohydrogenation bacteria in rumen. HF, the top 10 cows with the highest milk fat percentage; LF, the last 10 cows with the
lowest milk fat percentage; BBI, Bifidobacterium linoleic acid (LA) isomerase; LA, Lactobacillus LA isomerase; PAl Propionibacterium LA isomerase;
NAD, nicotinamide adenine dinucleotide; FAD, flavin adenine dinucleotide.
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analysis has also revealed that Lachnospiraceae is the predominant
family in the modules 1, 2 and 4 who were significantly enriched
in the LF group. Furthermore, modules 1 and 4 are positively
correlated with trans-10, cis-12 C18:2. Bauman and Griinari (7)
have proposed that the production of trans-10, cis-12 C18:2, rather
than cis-9, trans-11 C18:2, from LA isomerization, is one reason
for the occurrence of low milk fat syndrome in dairy cows. Taking
these data together, we inferred that the dominance of bacteria
with trans-10 BH pathway in rumen microbiome, especially
Lachnospiraceae, leads to an increased production efficiency of
trans-10, cis-12 C18:2, contributing to the decrease of MFP in the
LF group.

So far, three types of LA/ALA isomerase with different
isomerization production and derived species have been reported:
(1) BBI, which was identified from Bifidobacterium and was found
to produce trans-11 isomers (32), (2) PAI that was identified from
Propionibacterium and was found to produce trans-10 isomers
(46), and (3) LAI that was identified from Lactobacillus and was
found to produce trans-11 or trans-10 isomers (47). Here, the
above three isomerase genes have been detected in our results,
where we have found a significantly increased relative abundance
of BBI and a decreased trend regarding the relative abundance of
LAI in the HF cows compared with the LF cows (Figure 3C). Our
results further support our previous hypothesis at the gene level
that changes in the BH microbial populations of the rumen leads
to changes in the production efficiency of trans-10, cis-12 C18:2 in
the LF group.

For a greater understanding of the possible reasons for the
shaping of the BH microbial populations, we reconstructed the
glucose metabolism pathways of the MAGs that were highly
correlated to the concentration of milk trams-10, cis-12 C18:2
(Figure 4B). As a result, in the metabolism pathways of three
MAGs (MAG17, 18 and 198) that were positively correlated to
trans-10, cis-12 C18:2, the reduction of pyruvate was found to be
associated with the oxidation of reduced nicotinamide adenine
dinucleotide (NADH). On the other hand, in the metabolism
pathways of MAG130 that was negatively correlated to trans-
10, cis-12 C18:2, the reduction of pyruvate was associated with
the oxidation of reduced flavin adenine dinucleotide (FADH,).
Previous studies showed that reduction of cis-9, trans-11 C18:2
required the oxidation of NADH, and the production of trans-10,
cis-12 C18:2 required the oxidation of FAD H, (48, 49). Hence, we
infer that the usage of NADH or FADH, as the major supplier of
reducing equivalents affected the choice of trans-11 or trans-10 BH
pathway, and thereafter, the production of cis-9, trans-11 C18:2 or
trans-10, cis-12 C18:2 for the BH bacteria in the rumen (Figure 4C).
However, the hypothesis needs further investigation.

5. Conclusion

The increased relative abundance of microbial population with
the trans-10 BH pathway within the rumen microbiome, especially
Lachnospiraceae, contributes to the decrease of MFP via the
increase of rumen trans-10, cis-12 C18:2 production. Our study
provides a new perspective for the development of measures for
improving the milking performance of dairy cows.
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