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Background

Host genetics is one of the factors affecting
rumen microbiota of dairy cows
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Methane emissions have become an important
selection trait in dairy cow breeding

Cattle contribute the
majority of livestock
production emissions
of methane.
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To elucidate how host genome and rumen
microbiome affect rumen microbiota
composition and abundance, thereby regulating
methane emissions from dairy cows.
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éndscape of rumen microbiota using a single large cohort of Holstein cattle
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(A) Study design roadmap (F-1) The alpha and beta diversity for bacteria and archaea
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(B-E) The composition and relative abundances of bacterial

taxa and archaeal taxa at different levels (J) Interaction networks of taxa at the genus level

Figure 1. Study design and the composition and community structure of rumen microbiota
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Figure 2. Study on the relationship between
host genetics and rumen microbiota
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TWAS atlas of rumen microbiota
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TWAS atlas of rumen microbiota
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Figure 3. Characteristics of the TWAS atlas of rumen microbiota



0& - -
<]§’ Integrating GWAS and TWAS reveals host-associated features of rumen archaea

Methanomicrobium—s  (C)

(A) 100+ (B)
Methanomicrobium. 1500
804 Methanimicrococcus unc/assmeo\ GWAS gene TWAS gene
‘:C; Methanomassiliicoccus_unclassifiedd——q3 € 1000+
8 Methanobrevibacter_miljerae § - .
o 501 Merhanosphaer S 500+ Methano s_ur
S Methanobacterium _palu 5 Methanosphaera
E
2 Methanosphaera_ stadtmana ;?: 150 : Methanomassilicoccus T
= 404 ..n-"" < Methanomassiliicoccus_luminyensis 54.3%
o Meghaﬁésph%%ig ’fl’}},’,’lu’lex”e E Methanosphaera_stadtmanae (52
o5 Methanobrevibacter_boviskoreani 100+ Methanobrevibacter_, gotrschafk;\. bt
201 Methanobrevibacter_boviskorgani
50+ Methanobacterium_paludis
Methanimicrococcus.
[oF = o -~
T T T T T T T T T T
0 10 20 30 40 48 o] 10 219 ( 3?() 40 48
axa (ran

Taxa (rank)

The number of GWAS nearest genes of 48 rumen archaeal taxa
at p < 110 threshold.

(B) The number of TWAS genes of 48 rumen archaeal taxa at

p < 1X10° threshold.

(C) The shared genes captured by GWAS and TWAS approaches.

(A)

These results suggested that for some complex phenotypes,
such as microbiome abundance, regulated by host microeffect
polygenes, only on the GWAS method may not be able to find
effective genetic markers. On the contrary, examining the
correlations between gene expression and phenotype via TWAS,
may provide additional molecular markers at the gene level.

GWAS  -log,,(p)

TWAS  -log,(p)

)
14:37522650 (JPH1) . :
10561558350 (CEP152) 19:1031516 (CA10) 27:31191464 (UNC5D)
7:22434650 (ACSLS) 18:33490942 (CDH11) | 5133511586 (C21H150rT39)
. :
8- 157612 LocE18212) 6:95248958 (CFAP299) 14:39614590 (LOC112449647) ./ © 203285772 (FGF18) b =5.71e-08
- 13:71621362(PTPRT) . 16:34280925 (PLD5)% .
5:118483186 (FAM19A5) . 11467932 (VERTK) ( ) 28:15552802 (CCDC6)
L4 13:55633695 (CDHA4) s . ¢ 25:17901088 (GPR139)
L ]
7 - 2
] 4 ] op = 1.04g-07
'] . 3 °
¢ ° ° ‘ . ’ .
® L} ® e d
o g8 . ° e o
6= ° o * o ® h. ’ °® ‘
[ J
: S X
[ ]
.ii ; :
5 0
I T T T T T T 17111
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 18 20 22 24 26 29
LOC101902301 TAF15
20— °
LOC112448833 fus

IERSL
® TIcAM2 PRRX2e
PATE, ATRBY 181

(D) The GWAS results of rumen archaea.

(E) The TWAS results of rumen archaea.
The Manhattan plot shows the lowest resulting p value for each SNP and

gene. The red and blue lines represent genome-wide significance and
suggestive significance thresholds, respectively.

Figure 4. The regulation effects of the host on rumen archaea
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(A) The correlations between rumen bacterial taxa and volatile fatty acids (VFAS).

(B) The correlations between rumen archaeal taxa and VFASs.

(C) Multiple correlation analyses among host rumen genes, rumen microbiota and volatile fatty acids.
Only correlation coefficients < — 0.2 or > 0.2 and adjusted p values < 0.05 are displayed.
* represents p < 0.05, ** represents p < 0.01.

Figure 5. Multiple correlation networks of genes-taxa-VFAs
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The upper part illustrates the potential process by which
high expression of the rumen epithelial amylase and
glycogen genes leads to more extensive breakdown of
starch into glucose in the rumen, which reduces the niche
advantage of starch-utilizing bacteria and increases
opportunities for acetate-producing microorganisms to
acquire nutrients. This promotes a shift in rumen
fermentation towards acetate-type fermentation. Acetate-
type fermentation results in increased hydrogen
production, which in turn enhances the abundance of
Methanobrevibacter, a genus of methanogenic archaea.

The lower part exhibits the potential process of electron
transfer and hydrogen ion transport in the mitochondrial
oxidative respiratory chain of host rumen epithelial cells.
When genes for rumen epithelial hydrogen ion transport
and oxidative phosphorylation are highly expressed, the
pathways for hydrogen utilization in the rumen increase,
thereby reducing the abundance of Methanobrevibacter in
the rumen.

Figure 6. Overview of putative ruminal carbohydrate and
hydrogen metabolism pathways in methanogenesis



Summary

O In this study, we systematically evaluated the effect of host genetic variants and
rumen gene expressions on bovine rumen microbial abundance variation.

O Our results highlight the TWAS is a promising method for determining the host and
microbiota associations at gene expression level.

L By combining multiple relationship networks (genes-taxa-VVFAs), we observed that
host-microbe interactions in the rumen methanogenesis are primarily involved in
substrate hydrogen metabolism and transport.

L Overall, these findings provide novel insights into the host-microbiome interactions
In methanogenesis and offer valuable guidelines for genetic regulation and microbial
management strategies to mitigate methane emissions in ruminants.

Wei Wang, Zhenyu Wei, Zhuohui Li, Jianrong Ren, Yanliang Song, Jingyi Xu, Anguo Liu, et al. 2024. “Integrating
genome-wide and transcriptome-wide association studies to uncover the host-microbiome interactions in bovine
rumen methanogenesis.” iMeta 3: €234. https://doi.org/10.1002/imt2.234



IMeta: Integrated meta-omics to change the understanding of the biology and environment WI LEY

——

. VOLUME 1+ ISSUEl MARCH 2022

O en Access

Volume1 + Issue 1 - 2024

|Meta HeIa o # a . — |MetaOm|cs |MetaQ_ Ics

“IMeta” is a Wiley partner journal launched by iMeta Science Society in 2022, receiving its first impact factor (IF) of 23.7 in 2024,
ranking 2/165 in the microbiology field. It aims to publish innovative and high-quality papers with broad and diverse audiences. Its
scope is similar to Nature Biotechnology, Nature Microbiology, and Cell Host & Microbe. Its unique features include video abstract,
bilingual publication, and social media dissemination, with more than 500,000 followers. It has published 200+ papers and been cited
for 4000+ times, and has been indexed by ESCI/WOS/JCR, PubMed, Google Scholar, and Scopus.

‘“IMetaOmics” is a sister journal of “iMeta” launched in 2024, with a target IF>10, and its scope is similar to Microbiome, ISME J,
Nucleic Acids Research, Briefings in Bioinformatics, Bioinformatics, etc. All contributes are welcome!

Society: http://www.imeta.science @oﬁice@imeta.science . .
Publisher: https://wileyonlinelibrary.com/journal/imeta Imetaomics@imeta.science IMetasScience

Submission: https://wiley.atyponrex.com/journal/IMT2 X3 G MetaScience
https://wiley.atyponrex.com/journal/IMO2 ‘ Promotion Video



https://onlinelibrary.wiley.com/journal/2770596x
https://jcr.clarivate.com/jcr-jp/journal-profile?journal=IMETA&year=2023
https://www.ncbi.nlm.nih.gov/pmc/journals/4576/
https://scholar.google.com/citations?user=u181x38AAAAJ
https://www.scopus.com/sourceid/21101134733
https://onlinelibrary.wiley.com/journal/29969514
https://onlinelibrary.wiley.com/journal/2770596x
http://www.imeta.science/
https://wileyonlinelibrary.com/journal/imeta
https://wiley.atyponrex.com/journal/IMT2
https://wiley.atyponrex.com/journal/IMO2
mailto:office@imeta.science
mailto:imetaomics@imeta.science
https://youtu.be/PTpchpQbx9s
https://twitter.com/iMetaScience
https://www.facebook.com/iMetaScience

	幻灯片 1
	幻灯片 2
	幻灯片 3
	幻灯片 4
	幻灯片 5
	幻灯片 6
	幻灯片 7
	幻灯片 8
	幻灯片 9
	幻灯片 10
	幻灯片 11
	幻灯片 12

