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Culturing rumen microbes: a path to reduce ALLIANCE
m eih a n e ON AGRICULTURAL GREENHOUSE GASES

B Enteric fermentation (CH,)
B Manure (CH,)
[ Feed (CH,)

 Methane is a powerful heat-trapping gas.
* 50%-60% of methane emissions are the result of human activities.

I Direct on-farm energy (CO,)
B tmbedded on-farm energy (CO,)
B Feed (CO,)
I LUC: soy and palm (CO,)
LUC: pasture expansion (CO,)
Post-farm (CO,)

I reed (N,0)
B manure (N,0)

* Ruminants contribute ~30% of anthropogenic methane. -

Methane is produced in the rumen, an anoxic environment, as an end-product
of microbial fermentation that serves to turn over excess H; in the rumen.
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Culturing unlocks hidden microbial diversity
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Cultivation and sequencing of rumen microbiome
members from the HungatelOOO Collection

Vincent Los }urd‘ Fdward Rubin4, Vku( Kyrpides!, Bm-nm eeeeeee
Natalia N hanova!, William | Kelly**&

Producthity of raminan Iestock cepends on the rumen microbiata, wich ferment indigestisle plant polysacchandes ints
nutrients used for growth. Understanding the functions cartled out by the rumen mictodlota s Impoetant for reducing @reenhouse
45 production by ruminants anc for developing biofuess from lignoceRulose. W present 410 cullured bacteria and archaea,
fogether with thelr reference penomes, representing every cultivated rumen-zsseciated archaeal and bactertal famlly. Vie exaluate
acid procuction and athurays, and assign specific taxs
functions. A total of in available umen dats sets, ane 134 were present in buman gut
microbiome data sets. tmwm with 1he man micobicms revealed rumen-speciic enrichment for penes GRccding de nows
syntresis of witamin By, GAERINE Evolution by gene 1065 and POtential vertical InharMance of the rumen Microdlome based oo
‘anGerTepresentation of markers of environmEntal eSS, We estimate that our Hungate genome fesoarce fepresants ~75% of the
enus-level bacterlal and archaeal taxa preseat in the ramen.
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Methanomassilicoccaceae

Bacterioidetes

Methanobacteriaceae

Methanosarcinaceae \(Methan osphaera)

Methanomicrobiaceae /

\ Fibrobacteres

» Spirochaetes

Firmicutes

RS / Actinobacteria
Methanobacteriaceae 7 Proteobacteria
(Methanobrevibacter)
Firmicutes

Microbial community composition data from the Global Rumen Census overlaid with
the 16S rRNA gene sequences (yellow dots) from the 501 Hungate catalogue genomes.



Project objectives

Supporting objectives:
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Instituto Nacional de
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25 institutes (18 funded and 7 not directly funded by the project) | 39 Pl | 10 Postdocs | 14 PhD students & g‘ '
6 continents | 17 countries | 27 time zones | 38 cities | 124 emails ... and counting! &
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1. Sample collection and aliquoting

4. Preliminary taxonomic identification
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2. Distinct isolation

Dilution to extinction
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3. Purification and stocking

Pure culture isolation Biobanking
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5. Isolate characterization
Genotyping Phenotyping
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6. In vitro experiments
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Routine

WP meetings

Protocols ‘ — Publications
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Database management

Create a centralised database platform that will serve as a
comprehensive repository of metadata to support data
integration across institutes.

FAIR (Findable, Accessible, Interoperable, Reusable).

Each institute will have its own dataset (its own silo),
customizable according to the institute's needs.

Relational links across institutes: samples, microbes,
phenotypes, genomic resources.
Supports structured data sharing, collaboration, and

innovation in sustainable livestock technologies.
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f Data registration
environment

Institute #1

Dataset
#1

Institute #2

Dataset
#2

Institute #3

Dataset
#3

Institute #N

Dataset

#N

Data extraction .

Data
harmonization

Anonymized and
harmonized
database

User access rights:

Data manager

User access rights:

* Data manager

User access rights:

*  Publicly available dataset




Culture collections*®

Isolation medium
RMO02, PC, M10; PYG, BHI, M2, Balch,
L10, Orpin, AC B1, Columbia, Lowe's

semi-defined, SS media.
*Including additional selective conditions and
varied carbon and nitrogen sources.

Isolation method
Direct plating, Dilution to extinction,
Enrichment, Roll tubes, In situ isolation.
*Pure isolates and co-cultures kept in stock.

Host
Bovine, Ovine, Caprine, llama, Moose,
Buffalo, Elk, Deer, Musk-ox, Bison,
Camelid.

*Include varied breeds, ages, diets and
native animals.

Sequencing platforms

PacBio, lllumina, Nanopore,
BGI-DNBSEQ, Sanger (marker genes).

[ *Numbers indicate total cultures held; availability may vary ]
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Taxonomic composition (Phylum level, SILVA-GTDB)

Phylum
Bacillota
Bacteroidota
Pseudomonadota
Actinomycetota
Fusobacteriota
Methanobacteriota
Spirochaetota
Halobacteriota
Thermoplasmatota
Thermodesulfobacteriota
Campylobacterota
Fibrobacterota
Synergistota
Cyanobacteriota
Unclassified

Relative abundance (%)
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Taxonomic composition at the Family AL TANGE
Ievel bqsed on par‘l'ial 168 rRNA gene ON AGRICULTURAL GREENHOUSE GASES

Taxonomic composition (Family level, SILVA-GTDB, global collapse <3%)

Family
Streptococcaceae
Lachnospiraceae
Bacteroidaceae
Planococcaceae
Enterobacteriaceae
Lactobacillaceae
Prevotellaceae
Bacillaceae
Fusobacteriaceae
Actinomycetaceae
Erysipelatoclostridiaceae
Ruminococcaceae
Atopobiaceae
Clostridiaceae
Selenomonadaceae
Morganellaceae
Veillonellaceae
Bifidobacteriaceae
Enterococcaceae
Erysipelotrichaceae
Corynebacteriaceae
Unclassified
g sssaaanas gressssssssanaaass . gressesssssaasiss L ge—— Other<3%
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Phylogenetic tree:16S rRNA gene sequence .. .cucumumm oot oae

Phylum

|| Bacillota

. Actinomycetota
. Bacteroidota

. Spirochaetota

. Fusobacteriota
. Pseudomonadota
D Methanobacteriota
. Halobacteriota
E] Fibrobacterota
|:| Thermodesulfobacteriota
D Campylobacterota
D Synergistota

- Thermoplasmatota

Hungate collection and new isolates (white background) — B1




Phylogenetic free:16S rRNA gene sequence

Phylum

|| Bacillota

. Actinomycetota
. Bacteroidota

. Spirochaetota
. Fusobacteriota
. Pseudomonadota
D Methanobacteriota

- Halobacteriota
Fibrobacterota

|:| Thermodesulfobacteriota
|| Campylobacterota

I:] Synergistota

. Thermoplasmatota
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Hungate collection and new isolates (white background)
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Thank you for listening and to all the

RUMEN Gateway funders and partners!
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Researchers and collaborators

Main Hub

QUB: Sharon A. Huws; Fernanda Godoy Santos;
Esperanza Fuertes; Idowu Oluwaseun Janet;
Theano Stoikidou; Ziming Wu; Zhenbin Zhang.

Co-Hub

AAFC: Renee M. Petri; Robert J. Gruninger;

Tim A. McAllister; Geneviéve Drouin.
AGROSAVIA: Hugo Jiminez; Fernando Rodriguez;
Olga Mayorga; Alejandro R. Mufioz (Uniandes)
ARC: Sinalo Mani

AU: Samantha Noel; Anna A. Schénherz; Israt Farhana

BSI: Wiliam J. Kelly; Graeme Attwood;
Krasna Rajasekaran; Josh Joseph

James Pickup;
Katie Lawther;

Peter H. Janssen;

BiomEdit: Arvind Kumar; Dwi Susanti

CSIC: David Yanez-Ruiz; Eva Ramos-Morales
IAS-CAAS: Shenaguo Zhao

INRAE: Milka Popova; Diego Morgavi; Arthur Bourguet
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INTA: Maria Esperanza Ceron-Cucchi; Silvio Cravero; Fausto Moraleio
NAU: Yanfen Cheng; Weiyun Zhu; Guanghui Hu
Rl UoA: Karen P. Scott

UCDavis: Matthias Hess; Timothy John Hackmann "‘
UOG: Sinead M. Waters; Vincent O'Flaherty; |

Gizem Karakaya; Simon Mills

UIUC: Roderick I. Mackie

u %

KZN: Matthew A. Adeleke; Peter Anjili Mshelia e

NA: Walter J. Sandova-Espinolal; Mauricio Javier Molinas Vera
:Le

C

Luo Guan
UP: Abiodun M. Akanmu
UR: Hauke Smidt
In the process of becoming a Co-Hub/sub-contract

CIRDES: Abel S. Biguezoton
EMBRAPA: Pedro Braga Arcuri; Jailton da Costa
Causale: Cauane Blumenberg
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