Global Methane Genetics initiative
Microbiome Working Group

Organisation: Birgit Gredler, Oscar Gonzalez-Recio, Aniek Bouwman

November 27, 2025

Global

WAGENINGEN

Methane AGENINGEN

Genetics | "™ i
initiative

WAGENINGEN

UNIVERSITY & RESEARCH



Welcome!

" Aim
e Update what’s happening in Global Methane Genetics
e Network building
e Share: knowledge & hurdles

e Discussion: gaps & needs
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Agenda

" Update from GMG (Roel)
e data sharing & data base development
" Update ICAR Feed&Gas wikipage (Birgit)
" Update from the GMG microHub project (Oscar)
" Update projects outside GMG (all)
" Open discussion about research gaps (all)

" AOB
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Global Methane Genetics initiative

Investment of 27M US$
25 countries, 50 partners, 25 breeds
\ Methane pheno- & genotypes ~110k cattle & sheep, ~20k microbiome )

Africa
Local breeds & crosses (~4k)

Dairy:
Holstein (~42k)
Jersey (~8k)
(Nordic) Red Breeds
(~7.3k)
Brown Swiss (~3.3k)

Develop protocols
Phenotyping
World-wide sharing
Genetic evaluation

Latin America
Beef (~7k)

Microbiome:
World-wide reference
population
(~20k samples)

Beef:
North America (~6k)
Australia, Ireland,

Sheep: world-wide
reference population

Australia & New Zealand
UK, NZ (~18.5k) UK & Ireland

WAGENINGEN Uruguay (~17k) l

BEZOS
EARTH
FUND




Update GMG

" Startup meeting Innsbruck

® Second newsletter 1),

" Contracts
" Proposal development: small holder farms, Asia & buffalos

" Framework of adoption & incentivization system for genetic selection
as methane mitigation tool

WAGENINGEN 1) Sign up: https://www.wur.nl/en/project/global-methane-genetics-initiative.htm
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GMG data sharing & data base

" Two data sharing agreements: 1) GMG paid data and 2) exchange
for record contribution. Will be sent for signature to partners

" Database
® Business requirement and review existing database

e June three offers to build August contracted, weekly
meetings, tomorrow consultation meeting

—->planned delivery February

Global
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ArChitecture Methane Global Hub Architecture

& Data Flow

ETL Folder
User upload Via Web: 7 > 8

» Data processing:3>4>5>6>9 e

Files Public Sharepoint

File uploading
g website

Data Wiiehouse Blackbox (MIXBLUP)

Front-end Data Mart
{Contribution Score)
v’ Storing a copy of imported files

v" Validate & cleanse data o
Landing DB @

v' Centralized methane data store
v' Keeping historical version of data records

v MiXBLUP integration
v" Contribution score Apache *
Data Warehouse -
Airflow

—_— docker
v" Dedicated database for data extraction
WAGENINGEN

Data Mart [ UNIVERSITY & RESEARCH
(Contribution Score)

ETL & Orchestration

Cl




ICAR Feed&Gas wikipage

https://wiki.icar.org/index.php/Section 20 %E2%80%93 Methane

Emission for Genetic Evaluation

GreenFeed & Wearables
Methane device validation center:

https://wiki.icar.org/index.php/ICAR validation methane recording devices

Microbiome protocols coming soon

Activities: https://wiki.icar.org/index.php/Section 20: Activities

Activities — send us information about projects & events to be
included here!


https://wiki.icar.org/index.php/Section_20_%E2%80%93_Methane_Emission_for_Genetic_Evaluation
https://wiki.icar.org/index.php/Section_20_%E2%80%93_Methane_Emission_for_Genetic_Evaluation
https://wiki.icar.org/index.php/ICAR_validation_methane_recording_devices
https://wiki.icar.org/index.php/Section_20:_Activities

What's happening in other rumen
microbiome/methane projects/initiatives
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microHub overview

Update on the progress
Bioinformatics

Other projects

Questions and discusion, research
gaps, what’s next



s, - Global
2. Methane
*+* Hub

Glohal Methane
Genetics Initiative

110,000 CH, phenotypes from different breeds and productive systems

20% microbiome samples
20,000 microbiomes
+

4,000 from microHub core



Why microbiome?

e Microbiome information can accelerate genetic
progress on reducing methane emissions




Why microbiome?

e There 1s causalrelationship between microbiome-host-methane (according

to structural equations models).

Probability of causal effect
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Eukaryotes provide H2 to archaeas
Some groups ofbacteria are H2 sinks

ORIGINAL ARTICLE [inmaleingsnacenets |« WILEY

Structural equation models to disentangle the biological
relationship between microbiota and complex traits: Methane
production in dairy cattle as a case of study

Alejandro Saborio-Montero'” | Ménica Gutiérrez-Rivas' | Aser Garcia-Rodrigue:"
Ragquel A txaerandio’ | Idoia Goiri® | Evangelina Lopez de Maturana® |
José Antonio Jiménez-Montero® | Rafael Alenda® | Oscar Gonzilez-Recio®



Why microbiome?

e Rumen microbiome composition is heritable, due to genetic factors that
affect rumen environment. (larger h? estimates for important features
compared to methane)

Animal 17(2023) 100780

Contents lists available at Science Direct =
Animal @animal
The international journal of animal biosciences

Review: Diving into the cow hologenome to reduce methane emissions L)
and increase sustainability =
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Oscar Gonzalez-Recio **, Natalia Scrobota **, Javier Lopez-Paredes °, Alejandra Sahorio-Montero %,
Almudena Fernindez *, Evangelina Lipez de Maturana "¢, Beatriz Villanueva*, Idoia Goiri ",
Raquel Atxaerandio”, Aser Garcia-Rodriguez "




How to account for the complexity of the microbiome

;). Dairy Sci. 104:8135-8151
H % hitps:iidoi_org/10.3168/jds 2020-20005

©2021 Amencan Dary Seience Association”. Pubksned by Elsevir inc. and Fass Inc: Al Mghis reserved
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How to account for the complexity of the microbiome

o Aggregated variables based on
principal components

PCA based on Genus level Relative Abundances
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Microbiome-driven breeding for lower emissions

e Heritabilities ofthe PC and genetic correlation with methane and other

. . SSABNS ). Dairy Sci. TBC:1-19 25436
H B)s https://doi.org/10.3168/jds.2024-25436
re e Va n IC rO la e a u re s NS ithors. Published by Elsevier Inc. on behalf of the American Dairy Science Association®.
I I I """ This s an open acoess article under the CC BY license i 0).
Rumen asag i lection target

to reduce enteric methane emissions
B.J. 1200, lez-Recio,’ © A. J. '2© M. Khansefid,' © B. G. Cocks,?¢
J. Wang,' C. P. Prowse-Wilkins,"* © L. C. Marett,5® S. R. O. Williams,*® J. L. Jacobs,25®
/ = ; A i iguez,*© J. A. Ji ,’® and J. E. Pryce'?®
S i h I " '
i _ 2= usiraiia
pain h2=0.17 h2=0.28

Microbial aggregate Genetic Microbial aggregate Genetic
variables “ correlation w/ CH4 variables correlation w/ CH4

PC1 Genus PC1 Genus 0.11 0.77

PC1KO 0.17 0.73
PC2 Genus PC2 Genus 0.11 0.86
PC2 KO 0.10 0.65

High genetic correlation of PC with the relative abundance of Eukaryotes and Archaea



Microbiome-driven breeding for lower emissions

e Rumen metagenome as a genomic selection target v
AGRICULTURE ORIA
to reduce enteric methane emissions @
Correlated response &
Different strategies to select the ‘core”microbiome.
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Figure 6. Sharing reference populations of the ruminel metzenome cors facilites the prediction of enteric methane yroduction (MeP) recorded
a5 grams per day (2/d) with sulfur hexafiuoride in a dairy cartls papulation in Australia, and enteric methans concentration (MsC) recordad as parrs
per million (spm) with sniffers iz Spain.

Methane production (MeP; g/d)
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J. Dairy Sci. TBC:1-19 JDS25436
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i TBC, The Authors. Published by Elsevier Inc. on behalf of the American Dairy Science Association” o
N This is an open the CC BY license 0). 70
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R Collaborators

: o - Global }
A .- Methane H“B &
reeeerrHub Other international initiatives

SAMPLING AND
SEQUENCING STRATEGY

microbial Microbiome Pedigree &
She cp (40 00 ) samples composition ) genotypes coeSff!:;liEnts)
Dairy (7000) °0o0@®°
(OXO)
Beef (8 000 ) Core Genomic
. ‘ microbiome Genetic evaluations

African breeds & SEGUEIETE (breed & component  (breed &

system) system)

crosses (1200)
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Key objectives @ :=

o The microHub project will establish a reference population with metagenomic and
genomic data covering different breeds and systems (GMG partners & external)

o Find core microbiome composition/ characteristics associated to methane emissions
and rumen health (specific of production system?)

o Define microbiome phenotypes of interest for breeding purposes
Create a genomic evaluation system that can be used to select the parents of the next
generation with microbiome profiles that reduce enteric methane emission
Investigate the microbiome profile as a correlated trait for reducing methane emissions
Lower the global environmental impact of cattle through microbiome driven selection
while maintaining rumen health



e WPs presentation

GMG partners

WP 2: Set the | t Other

: : Set the larges : .

ol Enllarglng rumen microbior%le international
s nieeine] reference population initiatives

databases e
L e R globally (GMG) j

WP 3: Microbiome genomic evaluations

Buip|ing Y10M}aN dM

breeding programs



| |G|V|G.micr°|.|ub > Wach How to Make a Gantt Chartin Excel
Project Start: Tue,7/1/2025
Today: Thu, 9/18/2025
Display Week: 1 Jun 30,2025 Jan 26,2026 Aug 24,2026 Mar 22,2027 Oct 18,2027 May 15,2028 Dec 11,2028 Jul9,2029

30 30 29 28 28 27 27 26 25 27 26 26 25 25 24 23 23 22 22 21 20 22 21 21 20 20 19 18 18 17 17 16 15 16 15 15 14 14 13 12 12 11 11 10 9 111010 9 9 8 7 7 6 6 5

ASSIGNED 5 oGRESS START

TO

wr1
Task 1.1. Process existing database with pipelines 10% 7/1/25 12/31/26 _
Milestone 1.1. Countries share >3k metagenome samples 12/11/27 1/1/28 .
Task 1.2. Expand reference populations 0% 7/1/25 12/31/27 _
Task 1.3. Coordination of rumen sampling within GMG initiative 20% 71/25  12/31/26 ]
WP2
Task 2.1. SOP: Sample Collection 80% 1/1/26  12/31/26 ]
Task 2.2. SOP: sequencing 1% 12/1/25 7/1/27 _
Task 2.3. SOP: Bioinformatics 10% 10/1/25 7/1/27 _
Milestone 2.1. Shared SOP & reference metagenome 6/1/27 7/1/27 .
Milestone 2.2. Public SOP release on GitHub 6/1/29 7/1/29 .
Milestone 2.3. Core metagenome defined 12/1/27 1/1/28 .
Task 2.4. International reference metagenome 7/1/26 1/31/27 _
Task 2.5. Determine global core metagenome 1/1/27 12/1/27 _
WpP3
Task 3.1. Microbiome genetic evaluations 7/1/27 6/30/29 _
Milestone 3.1. First intemnational genomic evaluations 3/1/29 4/1/29 .
Task 3.2. Validate in sheep 1/1/28 6/30/29 _
Phase 4 Title
Milestine 4.1. Intemational initiatives informed, sampling plan set 12/1/25 1/1/26 .
4.2, from external partners included 5/30/27 7/1/27 .
Task 4.2. Propose tools and strategies for breeding programs 1/7/27 9/1/29 _
Milestone 4.3. Final report 6/1/29 7/1/29 .

Insert new rows ABOVE this one



BIOINFORMATICS

Different workflows in cattle and sheep

e Unify the protocols &quality controls as much as possible

e Improve performance of pipelines

O SqueezeMeta
m Used n foundational work of microHub.
m Slow fortaxonomic assignation (type of microbes)

O Maimntam assignation accuracy

® Define databases

e Define strategy for data storage



BIOINFORMATICS
STORAGE

During the project, deliver sequencing and basecalling files:
e Expectto generate >500 TB for ~25k samples.



BIOINFORMATICS

Proposed Metadata:

animallD

samplelD

Project

Country

sample Collection Date
Farmlocation

times after last eating
trial/treatment/specialFeed/none
Sequencing platform
Basecalling method
Sequence Quality
StorageMethod
Filtering method

N50

Yield

Minimumread lenght

Animal ID as international codedL

Sample D

Name of the project

Country of data origin

Date of sampling

Location of farm where datawas colleted
times after last eating

Experimental condition

Model of the sequencing platform used
Sotware and version

Q-score

Method used to store or preserve the sample
Method used to filter or preprocess the sample before sequencing
Length of contig covering 50% of the assembly.
Amountof nucleic acid or sequence data
Minimumread lenght

character

Character
character
character
character
character
character
character
character
character
float
character
character
integer
float
integer



Initial proposed biomnformatic workflow

Basecalling

*(ONT sequencing)

Quality Control

*N50

*Read length
*base call accuracy

Functional
Annotation

» SqueezeMeta
* KEGG & COG

Abundance Tables

» SqueezeMeta

Taxonomy Assignment

*SqueezeMeta
*(too

computationally
intense for 20k
samples, finding
alternatives e.g.
Kraken2, Bracken,
Centrifuge,...)

J

Define QC and

post-

\

processing

* Relative
abundance
thresholds

* Prevalence
* Transformations




What to provide in the GMG database?

e Per-sample QCreports

e Taxonomy

o Absolute abundance ata lower possible taxonomic rank

e Functions KEGG

o Absolute abundance for KEGG
o Absolute abundance for COG



Data sharing strategy for external partners with microbiome data

What partners can provide to microHub:

e Metagenome (shotgun)raw reads (all platforms accepted:lllumina, ONT, PacBio,

Others), with methane phenotypes and metadata

What microHub can provide in return:

Atable with microbial counts according to the reference metagenome established
in the group

SNP coefficients (available from the genotyping array(s) used within the GMG) to
estimate GBV for microbiome traits associated to methane production.

Sharing of results facilitated via GMG database



Harmonization of microbiome analyses

Oral vs Rumen microbiome

Combination of shotgun data and amplicons
Metagenome function for hydrogen pathways

Statistical analysis of metagenome data

e Already several Eol

Otherideas are most welcome



Questions?
Discussion - share your experience

Feelfree to reach us out at:

gmg@wurnl




32 Holstein cows

¥/ J. Dairy Sci 107:5881-5896
] https:iidoiorgH10.3168/ds 2024-24014
ks & 2024, The Authors. Published by Elsevier Inc. on betaif of the American Dairy Science Associaion®.

This ks &0 o SOCESE Article under the CC BY Icense (hepfreativecommions. orpioensestyyid. 07,
The oral microbiome as a proxy for feed intake in dairy cattle

C. N. Marcos, ™™ 0 A Bach,*t © M. Gutiérrez-Rivas, ™ © and 0. Gonzalez-Recio®

‘Departamento de FroduCtion AQrana, ETEIAAS, Unersidad PoiRtcnica de Mand, Cludad Universiana, 25040 Madrid, Spain
‘Deparmmentn de Mejors GEnetica Animal, RSt Macional de INvestgacin ¥ TEMOiogia AQIara ¥ AImentarts — CSIC, 26040 Madnd, Spain
HCREA, D007 Barceiona, Span
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Rumen Sampling in New Zealand - X
Brief Context

We've been seriously sampling since about 2015; Oldest samples ~2010
Sheep rumens ~ 25,200; Cattle ~7600; Deer ~1400

Develop solutions to scaling:
* Preservant
« Sequencing

CATTLE (Balage)

* Biofinformatics s L SRPILE (s

0.024 £ CATTLE (Pasture)
. w

CATTLE (Plantain)
DEER

GOAT

SHEEP (Balage)
SHEEP (Commercial)
SHEEP (Lincoln)
SHEEP (Lucerne )
SHEEP (Merino)
SHEEP (Milk)
SHEEP (Woodlands)

Emphasis on cost, throughput, CH4-prediction

PC2 (6.61%)

0.00 4

Method
® Frozen
A TNx2

-0.02 4

AO.IOZ -0.‘01 O.E]O 0.61 0.62
PC1(21.81%)

@ Bioeconomy Science Institute 2



Sample Processing and Data Generation X

()
e0®,

Sequencing: (Hess et al. 2020)
Restriction enzyme-reduced
representation sequencing

Rumen Sample:

Sample processing:
Preservation solution

(TNx2)

(Budel et al. 2022)
Pst barcoding

Low cost RT preservative — TNx2 mixed 1:1 with rumen content

In-house DNA extraction and library preparation

lllumina sequencing - NovaSeq

Aim for 750,00 - 500,000 reads / sample from rumen material

@ Bioeconomy Science Institute



High-throughput Low Cost Sequencing ,:,

Restriction Enzyme-Reduced Representation Sequencing
RE-RRSeq

« DNA Extraction from unfiltered rumen content

« Pstl — Digestion of DNA, ligation, and size selection 5...CTGC AG...3
« We did try other enzymes; gives us 1% balanced subsampling 3... GACGTC...5

Red = Barcode Adapter Green = Common adapter (New) Brown = Paired End Segquencing Primers
Black = DNA insert Blue = PCR Primers (New) (i7 primers — 1 for each 768..)
TCTAGCCTTCTCGTGTECAGACTTGAGETCAGTE (From paired end ggg internet)

TCTAGCCTTCTCGTGTGCAGACTTGAGGTCAGT GTAGT GCAATAGAGCATACGGCAGAAGACGAAC
5" ACACTCTTTCCCTACACGACGCTCTTCCGATCTAACAATGTGCAGNNNNNNNNNNNNNNNNHNNNNNNNC TGCAAGAT CGGAAGAGCACACGTCTGAACTCCAGTCAC 37
3" TGTGAGARAGGGATGTGCTGCGAGAAGGCTAGATTGT TACACGTCNNNNNNNNNNNNNNNNNNNNNNNNGACGTTCTAGCCTTCTCGTGTCCAGACTTGAGGTCAGTG o
AATGATACGGCGACCACCGAGAT CTACACACTCTTACACTCTTTCCCTACACGACGCTCTTCCGATCT
ACACTCTT CTACACGACGCTCTTCCGATCTA

100 bp single-end reads
In-line barcodes for large numbers (384 samples / library); ~1000s / run

Economies of scale, in-house oligos and reagents, hit a competitive price-point

@ Bioeconomy Science Institute



Bioinformatic Processing: X
Preprocessing and Reference-Based Profiling N

« TaFFE and GBS-TaFFE Pipelines usdapt
Demulti-  ° -1a only
« Taxonomic and Functional Feature Extraction plexing

Emphasis on Quality and Scaling

bbduk and prinseq++

* homopolymers and lower-entropy filtering
Prefiltering

Sequencing data pre-processing

_ il 1 kneaddata
Kmer based prOflllng tO a CUStom K2 |ndeX » tandem-repeats (TRF), rRNA (SILVA138), Adapters

Prefiltering

Generally, for reference-based analysis we work S
at the genera Ievel Profiling & | * taxonomic profiling with GTDB + Hosts + Protists

Binning

Perry et al. (2023) 31st PAG, San Diego, USA
Perry et al. (2024) 39" ISAG, Cape Town, SA.

@ Bioeconomy Science Institute

A framework for reproducible data analysis



Bioinformatic Processing:

Preprocessing and Reference-Based Profiling

100%
cutadapt 90%
Demulti- ° GBS-TaFFE only
plexing 80%
70%
bbduk and prinseq++ 60%
* homopolymers and lower-entropy filterin .
Prefiltering — i 2 50% good_proportion
° m KD_Rambv2_proportion
40% m KD_TRF_proportion
KD_tri rti
kneaddata 30% -~ A _'on
| « tandem-repeats (TRF), rRNA (SILVA138), Adapters 0,01 ™" "' 0,00 prinseq_proportion
Prefiltering 20% M M 0 00 bbduk_proportion
° o0 o 10 oo
10%
kraken2 0%
Profiling & * taxonomic profiling with GTDB + Hosts + Protists Q S Q S & & &
Binning \)‘6, \)é@ \)QQ, \)QQ/ g © G
& & & & v TN
\,19 ‘)\,19 '\\,19 \,19
PN SO A s

Perry et al. (2023) 31st PAG, San Diego, USA
Perry et al. (2024) 39" ISAG, Cape Town, SA.

@ Bioeconomy Science Institute



Bioinformatic Processing: S
Reference-Free - Microbial Relationship Matrix "

Bioinformatics
cutadapt

Demulti. | * GBS-TaFFE only Reference-free pipeline
plexing 65-unique based pair reads
(Hess et al. 2023)

bbduk and prinseq++
* homopolymers and lower-entropy filtering

Prefiltering
Modelling:
kneaddata Microbial Relationship Matrix
D tandem-repeats (TRF), rRNA (SILVA138), Adapters GBLUP type model Sampl Samp2 | Samp3
g Sampl 1.88 B.98 @.57
Samp? ©.98 1.8@ @.64
(Hess et al. 2023) Samp3 ©.57 ©.63 1.0
kraken2
Host * Hosts Specific K2 Index Depletion
Filtering Budel et al. (2022) Anim. Microbiome 4:39

Hess et al. (2020) PLoS One 15:€0219882
Hess et al. (2023) BMC Genomics 24:551
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Bioinformatic Processing: %
Reference-Free - MRM '

 tags are trimmed 65 bp, less than 65 bp
are removed

: : _ o Bioinformatics
« tags is kept if count > 0 in 25% of training Reference-free pipeline

set 65-unique based pair reads
(Hess et al. 2023)

» Resultant ~200k tags in sheep for
predictions (~OTUs)

» Cohort adjustment — per tag; mean zero;
variance 1 (import for predicting across

Modelling:
farms) Microbial Relationship Matrix
« Microbial relationship matrix — GSE method [RGESusV/ERUEtE sl samr sam
MRM 522[22 5:98 i:ElEfl B:Ex’l

(Hess et al. 2023) Samp3  ©.57  ©.63  1.08

Bilton et al. (2025) Genet Sel Evol 57:25 Budel et al. (2022) Anim. Microbiome 4:39

@ Bioeconomy Science Institute
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Methane Prediction: %
Reference-Free - Microbial Relationship Matrix

« We predict methane (g/day; g/kgDMI(feed eaten) from MRM
« MRM is used in place of a GRM in a linear mixed model for prediction

* We are using the similarity of the microbiome (analgous to relatedness in GRM)
(information from relatives used to predict for individuals)

* These prediction and shared genetics are used in the final predictions

Bilton et al. (2025) Genet Sel Evol 57:25

@ Bioeconom y Science Institute



Bioinformatic Processing: )
RERRSeq Reference-Based Profiling

< ~35 taxa represent
>(0.75 of the reads
assigned

Eubacterium_Q

RUGEE3

051-291

UBA4334
UBA1067

Methancbrevibacter_A

» Better representation
of some low
abundance taxa

F23-D06

Succiniclasticum

ibrobacter
. Sodaliphilus MK4A136

Saccharcfermentans UBA1066
. UBA1T11 UBAZ2868

RUGT40 Bulleidia
. CAG-T91 i Firm-04

UBA4372 RUGOZY

0Sg-9n

* All methods have
intrinsic biases

Quinella MNK4A144

bagyyay

» A predictable GC
bias from Pstl cut site

= - |
0.00 025 0.50 075 1.00

Perry et al. (2023) 315t PAG, San Diego, USA
Perry et al. (2024) 39" ISAG, Cape Town, SA.

@ Bioeconomy Science Institute



Open discussion — research gaps
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Thanks for your
attention &
contributions!

agmg@wur.nl

Newsletter:

Global
Methane

Genetics
Initiative

https://www.wur.nl/en/project/global-methane-

genetics-initiative.htm?wmstepid=thank vyou
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