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 Aim

● Update what’s happening in Global Methane Genetics

● Network building

● Share: knowledge & hurdles

● Discussion: gaps & needs

Welcome!
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 Update from GMG (Roel)

● 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

Agenda
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Dairy:
Holstein (~42k) 

Jersey (~8k)
(Nordic) Red Breeds 

(~7.3k)
Brown Swiss (~3.3k)

Latin America
Beef (~7k)

Beef:  
North America (~6k) 

Australia, Ireland, 
UK, NZ (~18.5k)

Africa
Local breeds & crosses (~4k)

Sheep: world-wide 
reference population
Australia & New Zealand

UK & Ireland
Uruguay (~17k)

Microbiome:
World-wide reference 

population
(~20k samples)

Global Methane Genetics initiative
Investment of 27M US$

25 countries, 50 partners, 25 breeds
Methane pheno- & genotypes ~110k cattle & sheep, ~20k microbiome

Develop protocols
Phenotyping

World-wide sharing 
Genetic evaluation



 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

1) Sign up: https://www.wur.nl/en/project/global-methane-genetics-initiative.htm

Update GMG 
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 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

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

planned delivery February

GMG data sharing & data base
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Architecture
& Data Flow

User upload Via SharePoint: 1  2

User upload Via Web: 7  8

Data processing: 3  4  5  6  9

 Storing a copy of imported files
 Validate & cleanse data

 Centralized methane data store
 Keeping historical version of data records
 MiXBLUP integration
 Contribution score

 Dedicated database for data extraction



 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! 

ICAR Feed&Gas wikipage
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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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Nove m b e r 27th  
GMG pre se ntation m e e ting

HUB



● m icroHub ove rvie w
● Update on the progre ss
● Bioinform atics

● Othe r proje cts

● Que stions and  d iscusión, re se arch
gaps, what’s ne xt



42k
6k

3k8k
6k

6k

6k

6k

2k1k

8k4k

4k

Global Methane 
Genetics Initiative
● 110 ,000  CH4 phe notype s from diffe re nt bre e ds and  productive  syste m s
● 20% m icrob iom e sam ple s
● 20 ,000  m icrob iom e s

+
4,000  from m icroHub core



Why m icrob iom e ?

● Microbiom e  inform ation can acce le rate  ge ne tic  
p rogre ss on re ducing  m e thane  e m issions

ROLE OF HOST
• Symbiosis
• Microbiome composition (h2=0.30)
• Genetically correlated with methane

ROLE OF MICROBIOME IN
• Methane emissions
• Digestion
• Overall health It’s not 

you, it’s 
me!



Why m icrob iom e ?

● The re  is  causal re lationship  be twe e n m icrob iom e -host-m e thane  (accord ing  
to structural e quations m ode ls).

Eukaryote s p rovide  H2 to archae as
Som e  groups of bacte ria  are  H2 sinks
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ct

Methane change per unit of relative abundance



Why m icrob iom e ?

● Rum e n m icrob iom e  com position is  he ritab le , due  to ge ne tic  factors that 
affe ct rum e n e nvironm e nt. (large r h2 e stim ate s for im portant fe ature s 
com pare d  to m e thane ) 



How to account for the  com p le xity of the  m icrob iom e
● Aggre gate d  variab le s base d  on 

principal com pone nts

Australia

Spain
33% total microbiome 
variability

45% total 
microbiome 
variability



How to account for the  com p le xity of the  m icrob iom e
● Aggre gate d  variab le s base d  on 

principal com pone nts

Australia
Spain

The Netherlands

25% variability

David Flossdorf



Microb iom e -d rive n b re e d ing  for lowe r e m issions
● He ritab ilitie s of the  PC and  ge ne tic  corre lation with m e thane  and  othe r 

re le vant m icrob ial fe ature s

AustraliaSpain CH4

Microbial aggregate 
variables

h2

PC1 Genus 0.44

PC1 KO 0.35

PC2 Genus 0.42

PC2 KO 0.35

Genetic 
correlation w/ CH4

0.62

0.74

0.62

0.68

h2=0.17 h2=0.28

Microbial aggregate 
variables

h2

PC1 Genus 0.11

PC1 KO 0.17

PC2 Genus 0.11

PC2 KO 0.10

Genetic 
correlation w/ CH4

0.77

0.73

0.86

0.65

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



Microb iom e -d rive n b re e d ing  for lowe r e m issions
● Rum e n m e tage nom e  as a ge nom ic se le ction targe t 

to re duce  e nte ric  m e thane  e m issions 
● Corre late d  re sponse
● Diffe re nt strate g ie s to se le ct the  “core” m icrob iom e .

50%



SAMPLING AND 
SEQUENCING STRATEGY
● She e p  (4000)
● Dairy (7000)
● Be e f (8000)
● African bre e ds &

crosse s (1200)

HUB

microbial 
samples

Sequencing

Microbiome 
composition

Core 
microbiome 

(breed & 
system)

Pedigree & 
genotypes

Genetic 
component

SNP 
coefficients

Genomic 
evaluations 

(breed & 
system) 

Collaborators
&

Other international initiativesMicrobiome



Ke y obje ctive s

○ The  m icroHub proje c t will e stab lish a  re fe re nce  p op u la t ion  with m e tage nom ic  and  
ge nom ic  data  cove ring  d iffe re nt b re e ds and  syste m s (GMG partne rs & e xte rnal)

○ Find  core  m ic rob iom e  com position/ charac te ristics associate d  to m e thane  e m issions 
and  rum e n he alth (spe c ific  of p roduction syste m ?)

○ De fine  m icrob iom e  p he notyp e s of inte re st for b re e d ing  purpose s
○ Cre ate  a  g e nom ic  e va lua t ion  syste m  that can be  use d  to se le c t the  pare nts of the  ne xt 

ge ne ration with m icrob iom e  profile s that re duce  e nte ric  m e thane  e m ission
○ Inve stigate the  m icrob iom e  profile  as a  corre la te d  t ra it  for re ducing  m e thane  e m issions
○ Lowe r the  g lobal e nvironm e ntal im pact of cattle  through m icrob iom e  d rive n se le c tion 

while  m aintaining  rum e n he alth

HUB



● WPs pre se ntation

WP 1: Enlarging 
the national 
databases

WP 2: Set the largest 
rumen microbiome 

reference population 
globally (GMG)

WP 3: Microbiome genomic evaluations

&                            breeding programs

W
P4: N

etw
ork building

microHub - coordination

HUB
GMG partners

Other 
international 

initiatives



HUB



BIOINFORMATICS

Diffe re nt workflows in cattle  and  she e p

● Unify the  protocols & quality controls as m uch as possib le

● Im prove  pe rform ance  of p ipe line s
○ Sque e ze Me ta

■ Use d in foundational work of m icroHub.

■ Slow for taxonom ic assignation (type  of m icrobe s)

○ Maintain assignation accuracy

● De fine  database s

● De fine  strate gy for data storage



BIOINFORMATICS

STORAGE

During  the  p roje ct, de live r se que ncing  and  base calling file s:
● Expe ct to ge ne rate  > 500  TB for ~25k sam ple s. 



BIOINFORMATICS

Propose d  Me tadata:



Initia l p rop ose d  b ioinform atic  workflow
Basecalling

•(ONT sequencing)

Quality Control

•N50
•Read length
•base call accuracy

Taxonomy Assignment

•SqueezeMeta
•(too 
computationally 
intense for 20k 
samples, finding 
alternatives e.g. 
Kraken2, Bracken, 
Centrifuge,…)

Functional 
Annotation

• SqueezeMeta
• KEGG & COG

Abundance Tables

• SqueezeMeta

Define QC and 
post-processing

• Relative 
abundance 
thresholds

• Prevalence
• Transformations



What to  p rovid e  in the  GMG d a tab ase ?

● Pe r-sam ple  QC re ports

● Taxonom y 
○ Absolute  abundance  at a  lowe r possib le  taxonom ic rank

● Functions KEGG
○ Absolute  abundance  for KEGG 

○ Absolute  abundance  for COG



What p a rtne rs  can p rovid e  to  m ic roHub :
● Me tag e nom e  (shotg un) raw re ad s (a ll p la tform s acce p te d : Illum ina , ONT, PacBio, 

Othe rs), with m e thane  p he notyp e s and  m e tad a ta

Wha t m ic roHub can p rovid e  in  re turn:
● A tab le  with m ic rob ia l counts  a ccord ing  to  the  re fe re nce  m e tag e nom e  e stab lishe d  

in  the  g roup
● SNP coe ffic ie nts  (ava ilab le  from  the  g e notyp ing  a rray(s) use d  within the  GMG) to  

e stim a te  GBV for m ic rob iom e  tra its  a ssoc ia te d  to  m e thane  p rod uc tion.
● Sha ring  of re sults  fa c ilita te d  via  GMG d a tab ase

Data sharing strategy for external partners with microbiome data



● Ha rm oniza t ion of m icrob iom e  analyse s
● Oral vs Rum e n m icrob iom e
● Com bination of shotgun data and  am plicons
● Me tage nom e  function for hyd roge n pathways
● Statistical analysis of m e tage nom e  data

● Alre ady se ve ra l EoI

● Othe r id e a s  a re  m ost  we lcom e

Ideas for broader scope research



Questions? 
Discussion – share your experience

Fe e l fre e  to re ach us out at:

gm g@wur.nl



32 Hols te in cows

Oral vs Rumen microbiome



1New Zealand Institute for Bioeconomy Science Limited

Global Methane 
Genetics 
microHUB 
Working Group 
Update:
Sheep 
Bioinformatics &
Background 
Ben Perry*, Timothy Bilton, Hannah Henry, 
John McEwan, Suzanne Rowe

28th November 2025



2Bioeconomy Science Institute

• 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
• Biofinformatics

• Emphasis on cost, throughput, CH4-prediction

Rumen Sampling in New Zealand – 
Brief Context



3Bioeconomy Science Institute

Sample Processing and Data Generation

Rumen Sample:

Sample processing:
Preservation solution
(TNx2)

(Budel et al. 2022)

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

PstI barcoding

• Low cost RT preservative – TNx2 mixed 1:1 with rumen content
• In-house DNA extraction and library preparation
• Illumina sequencing - NovaSeq
• Aim for 750,00 - 500,000 reads / sample from rumen material



4Bioeconomy Science Institute

High-throughput Low Cost Sequencing
Restriction Enzyme-Reduced Representation Sequencing
RE-RRSeq
• DNA Extraction from unfiltered rumen content
• PstI – Digestion of DNA, ligation, and size selection 

• We did try other enzymes; gives us 1% balanced subsampling

• 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



5Bioeconomy Science Institute

Bioinformatic Processing:
Preprocessing and Reference-Based Profiling

Demulti-
plexing

cutadapt
• GBS-TaFFE only

Prefiltering

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

Prefiltering

kneaddata
• tandem-repeats (TRF), rRNA (SILVA138), Adapters

Profiling & 
Binning

kraken2
• taxonomic profiling with GTDB + Hosts + Protists

• TaFFE and GBS-TaFFE Pipelines
• Taxonomic and Functional Feature Extraction
• Emphasis on Quality and Scaling

• Sequencing data pre-processing
• Kmer-based profiling to a custom K2 index

• Generally, for reference-based analysis we work 
at the genera level

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



6Bioeconomy Science Institute

Bioinformatic Processing:
Preprocessing and Reference-Based Profiling

0,02 0,02 0,02 0,02 0,01 0,01 0,010,03 0,04 0,04 0,04 0,03 0,03 0,03

0,13 0,13 0,13 0,13 0,10 0,09 0,09

0,14 0,13 0,14 0,14
0,10 0,10 0,09

0,01 0,03 0,01 0,00
0,00 0,00 0,00

0,85 0,84 0,85 0,86
0,90 0,90 0,91

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

good_proportion
KD_Rambv2_proportion
KD_TRF_proportion
KD_trim_proportion
prinseq_proportion
bbduk_proportion

Demulti-
plexing

cutadapt
• GBS-TaFFE only

Prefiltering

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

Prefiltering

kneaddata
• tandem-repeats (TRF), rRNA (SILVA138), Adapters

Profiling & 
Binning

kraken2
• taxonomic profiling with GTDB + Hosts + Protists

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



7Bioeconomy Science Institute

Bioinformatic Processing:
Reference-Free - Microbial Relationship Matrix 

Bioinformatics
Reference-free pipeline
65-unique based pair reads
(Hess et al. 2023)

Modelling:
Microbial Relationship Matrix 
GBLUP type model 

(Hess et al. 2023)

Budel et al. (2022) Anim. Microbiome 4:39
Hess et al. (2020) PLoS One 15:e0219882
Hess et al. (2023) BMC Genomics 24:551

Demulti-
plexing

cutadapt
• GBS-TaFFE only

Prefiltering

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

Prefiltering

kneaddata
• tandem-repeats (TRF), rRNA (SILVA138), Adapters

Host 
Filtering

kraken2
• Hosts Specific K2 Index Depletion



8Bioeconomy Science Institute

Bioinformatic Processing:
Reference-Free - MRM

Bioinformatics
Reference-free pipeline
65-unique based pair reads
(Hess et al. 2023)

Modelling:
Microbial Relationship Matrix 
GBLUP type model 

(Hess et al. 2023)

Budel et al. (2022) Anim. Microbiome 4:39
Hess et al. (2020) PLoS One 15:e0219882
Hess et al. (2023) BMC Genomics 24:551

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

• tags is kept if count > 0 in 25% of training 
set

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

• Cohort adjustment – per tag; mean zero; 
variance 1 (import for predicting across 
farms)

• Microbial relationship matrix – GSE method 
MRM

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



9Bioeconomy Science Institute

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



11Bioeconomy Science Institute

Bioinformatic Processing:
RERRSeq Reference-Based Profiling

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

• Better representation 
of some low 
abundance taxa

• All methods have 
intrinsic biases

• A predictable GC 
bias from PstI cut site

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



Open discussion – research gaps 
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Thanks for your 
attention & 
contributions!
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gmg@wur.nl

Newsletter:

https://www.wur.nl/en/project/global-methane-
genetics-initiative.htm?wmstepid=thank_you

mailto:gmg@wur.nl
https://www.wur.nl/en/project/global-methane-genetics-initiative.htm?wmstepid=thank_you
https://www.wur.nl/en/project/global-methane-genetics-initiative.htm?wmstepid=thank_you
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