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Tackling methane emissions through a
(pheno, geno and metageno)-omics approach

O. Gonzalez-Recio, I. Goiri, R. Atxaerandio, E. Ugarte, R. Ruiz, R.
Alenda, J.A. Jiménez-Montero, A. Garcia-Rodriguez
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How cattle produce methane “cre,,

Cattle can eat grasses and shrubs .
that other animals can' digest.. .

- i 'l
pacteriain stomac
nreaks down the cud,
producing methane
inthe process

the food as "cud”
and rechew it

GLOBAL METHANE BUDGET

TOTAL EMISSIO! GRONTH RATE

10
(94-106)

Fossil fuel Biomass - L
production and use Agriculture andwaste burning Wetlands  Other natural

Emissions.
Ceohagice| lakes, termitss,
ceans, permaost

World GHG Emissions Flow Chart

Sector End Use/Activity

32 Willion
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Gemmersy Eutang:

METHANE EMITTED PER ANIMAL PER YEAR
26510 am aame | oms
(120 o AHa |

Natural and anthropogenic ““'“C

[Total Methane Emissions In Agriculture (kT of COZe)
Log (CHe)

Tons
of Carbon
1S PRODUCED BY IS PRODUCED BY. 1S REMOVED BY.

M2 =X Q@ 500 ==

“This Farm REMOVES
- Tons o
of Carbon
‘From the Atmosphere Annually



J Anim Scii 2016 Oct:94(10):4151-4166. doi 10,2527 jas 2016-0431. Faperpile

Genomewide association study of methane emissions in Angus beef cattle with validation in
dairy cattle.

Manzanilla-Pech Cl, De Haas ¥, Hayes BJ, Veerkamp RF, Khansefid M. Donoghue KA Arihur PE, Pryce JE.

4,12, 14, 19, X

TPy World Congresson ;‘;';jj;jé:md_
LN Genetics Applied to Livestock g ey
5 ' 2 . . . . UNIVERSITY OF Nszs:uNn
Production Digital Archive ALIC
Home Proceedings by Year Proceedings by Volume Search ... Q

2
Meta-analysis of heritability estimates for methane emission indicator h = 025
traits in cattle and sheep

Luiz Fernando Brito, Flavio Schenkel, Hinayah Rojas de Oliveira, Angela Canovas, Filippo Miglior
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Networks of rumen microbial genes are related to traits

Genetics and microbiome of cattle methane

>

production: 2017 PLOS Genetics Research

Methane Prize Winning Research
emissions

Posted September 21, 2017 by Jessica Miller in Uncategorized

The PLOS Genetics Editors-in-Chief and Senior Editors would like to congratulate: Rainer
Roehe, Richard J. Dewhurst, Carol-Anne Duthie, John A. Rooke, Nest McKain, Dave W.
Ross, JlmmyJ Hyslop, Anthony Waterhouse, Tom C. Freeman, ‘Mick Watson and R. John
Wallace authors of the article chosen as the remplent of the 2017 PLOS Genetics Research
Prize 'Bovine Host Genetic Variation Influsnces Rumen Microbial Methane Production with Best
! Feed Selection Criterion for Low Methane Emitting and Efficiently Feed Converting Hosts Based on
‘e X Metagenomic Gene Abundance’
7oy . conversions

efficiency
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These 20 microbial

genes explain 81% of
variance in methane
emissions

http://blogs.plos.org/blog/2017/09/21/genetics-and-microbiome-of-cattle-methane-production-2017-plos-genetics-research-prize-winning-research/
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Host genetic control

1:% J. Dairy Sci. 93:5902-5912
)= doi:10.3168/jds.2010-3500
© American Dairy Science Association®, 2010.

. 0

Host specificity of the ruminal bacterial community in the dairy @ PLOS |cenerics

cow following near-total exchange of ruminal contents'

P. J. Weimer,“-l-2 D. M. Stevenson,* H. C. Mantovani,f and S. L. C. Mant
*IUSDA-ARS, US Dairy Forage Research Center, Madison, W1 53706

TDepartment of Bacteriology, University of Wisconsin—Madison, Madison 53706

iDepartamento de Microbiologia, Universidade Federal de Vicosa, Vicosa-MG, 36571-000, Brazil

Host Genome Influence on Gut Microbial
Composition and Microbial Prediction of Complex
Traits in Pigs

Amelia Camarinha-Silva, Maria Maushammer, Robin Wellmann, Marius Vital,

Siegfried Preuss and Jérn Bennewitz
GENETICS Early online May 3, 2017; https://doi.org/10.1534/genetics.117.200782

Hesource

Genetic Determinants of the Gut Microbiome

in UK Twins

Julia K. Goodrich,' Emily R, D B p Jackson,” Rob Knight,” Carole Ober,*
TmD. § * Jordana T, Bell* Andrew G. Ciark,” and Ruth E. Ley"

"Department of Molacutyr mmmmmuv'mw

222G ccmat a0y
httpotiche ool orp 10101674 chom 201604 017
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RESEARCH ARTICLE

Bovine Host Genetic Variation Influences
Rumen Microbial Methane Production with
Best Selection Criterion for Low Methane
Emitting and Efficiently Feed Converting
Hosts Based on Metagenomic Gene
Abundance

Rainer Roehe'*, Richard J. Dewhurst', Carol-Anne Duthie’, John A. Rooke',

Nest McKain?, Dave W. Ross', Jimmy J. Hyslop', Anthony Waterhouse', Tom
C. Freeman®, Mick Watson®*, R. John Wallace®

1 SRUC, Edinburgh, United Kingdom, 2 Rowett Institute of Nutrition and Health, University of Aberdeen,
Aberdeen, United Kingdom, 3 Division of Genetics and Genomics, The Roslin Institute and R(D)SVS,
University of Edinburgh, Edinburgh, United Kingdom, 4 Edinburgh Genomics, The Roslin Institute and R(D)
SVS. University of Edinburgh, Edinburgh, United Kingdom

CrossMark
B or s

& openaccess

-;5‘3'-ISIVQa
e ¢, J. Dairy Scl. TBC:1-8
3 = g https://doi.org/10.3168/jds.2017-13179
1%’ °~" © American Dairy Science Association®, TBC.

Short communication: Signs of host genetic regulation in the microbiome
composition in 2 dairy breeds: Holstein and Brown Swiss

JDS13179

AN g,

0. Gonzalez-Recio,*1'1 I. Zubiria,t A. Garcia-Rodriguez,t A. Hurtado,§ and R. Atxaerandio}
*Departamento de Mejora Genética Animal, Instituto Nacional de Investigacion y Tecnologia Agraria y Alimentaria, 28040 Madrid, Spain
TDepartamento de Producciones Agrarias, Escuela Técnica Superior de Ingenieria Agronémica, Alimentaria y de Biosistemas,
Universidad Politécnica de Madrid, Ciudad Universitaria s/n, 28040 Madrid, Spain

tDepartamento de Produccion Animal, NEIKER-Tecnalia, Granja Modelo de Arkaute Apartado 46, 01080 Vitoria-Gasteiz, Spain
§Departamento de Sanidad Animal, NEIKER-Tecnalia, Berreaga 1, 48160 Derio, Spain
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1) Study and compare most favourable non-invasive techplqugstor measuring
methane gas production in cattle, to apply themin a Iarge number of animals

2) Determine the relationship between the microbiome and I’éhe host genotype

3) Estimate the genetic correlations between the mlcnoblorne f-ee'd'effluency
and methane emissions E - I, F |
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DATA SUMMARY

14 Hercls

>@@@@ COWS &%‘!‘“ >30.000.000 CH, records

! \)px‘ Genotypes - Imputed to WG (1000 bulls)

" 500 Metagenomes
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Preliminary Analyses

439 cows

After QC:
1386 weekly averages for CH,
13 records/cow/week
Production traits from test-days

Body Weight from type traits

0 300
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550

0 300 600 550 650 2 4 6 8
I I I | | | I T
CH4 *ok %% N o *kH wx |
a0 -0.083 0.22 -0.078 -0.12 -0.083 E
%% * % %| * %N * %N
0.18 0.43
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Preliminary Analyses: Principal Components

Variables - PCA
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Random Forest: Variable Importance

8,0.78985

PROT % o

FAT % o
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* Genetic correlations from EBVs
e 15,379 animals in pedigree (Bayesian analysis, TM)
 Herd*Robot, Parity, Lactation stage, Permanent, Genetic, Residual

« h2=0.37 (0.16)

&C? S

N S & Q- X

o & ¢ ¢ & PO
L Vi © © < N) N 2

CH4  .0.21 -0.17 0.14 0.1 -0.16 -0.22 0.1 -0.08
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Single-Step. Variance explained (100 adjacent SNPs)

Manhattan Plot SNP Variance explained by 100adjacents SNP window — Trait: 1 Effect: 4

0.5

0.0

I I T T T 1T 1T T T"°1
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ere is little linl
regions for milk yield

e ...orifitexists, favourable variants for milk yield are
linked with positive and negative variants for
methane production
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Take home message

* Important herd effect (feeding, management, device)

* Genetic component for methane production (h?=0.36)

* High emitter cows are less efficient, lower milk, less
profit

* Some genomic regions explained more than 1% of
genetic variance of methane production
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— Trait: 1 Effect: 4

Manhattan Plot SNP Variance explained by S0adjacents SNP window
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Single-Step. Variance explained (100 adjacent SNPs)

X'R™1X X'R~1Z [b] X'R™ly
ZR'X ZR'Z+H'Q®Z;! Z'R 1y

Aguilar et al. (2010)

0 0
) S
S 0 91_@2%

Herd*Robot, Parity, Lactation stage, Permanent, Genetic, Residual

h2=0.19 (0.11)
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Scenario 1 Scenario 2

cHa  scc M po
3% 1% PP 9%

1%

Scenario 3 Scenario 4
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Review by Negussie et al., 2017; JDS 100:2433-2453
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Metrics for metagenome matrices

CCA
Pearson
RDA Correlation
[ |
10 05 00 05 10
NMDS
DCA
PCoA
MDS
Ross
| —— ’
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2-12 %
loss
energy

THE RUMEN: MICROBIAL FERMENTATION

° Plant

material
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Rumen microorganisms and their roles Methanog
*Bacteria: ferment fiber, starch, sugar in feed to VFA, H2, CO2 G Produce CH4, but allows for more
*Protozoa: consume and ferment bacteria to VFA and NH3, N =2y o complete feed utilization
/

ferment starch, recycle N
*Funghi: assist in fibre digestion
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* Descriptive statistics
e Media ppm, picos/min, etc
e Graficos picos
* Correlaciones

* Previous results
* Feed efficiency and microbiome
* Genetic background (itziar, oscar)

* Multiomics approach
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* Tabla h2 y correlaciones
* GBLUP
* SStep
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* Big data approach
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