Microflora Danica

Jordens mikroliv: Kortlaegning i landbrugjorden
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Forstaelse af bakteriers funktion i landbrugsjord, fx klimagasser
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Hvor mange bakteriearter findes
pa jorden?

Bakterier identificeret:

250.000 arter (DNA fingerprints) sﬂvaﬁjf%‘
80.789 genomer (20 % isoleret) GTOR
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Hvor mange bakteriearter findes
pa jorden?

Bakterier identificeret:
250.000 arter (DNA fingerprints) Sllya%*(

high gquality ribesomal RMA databases

80.789 genomer (20 % isoleret) GTOR

Estimeret:

Tusinder til milliarder
Bedste geet i dag: nogle millioner... (toucaetal, 2019]
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De fleste arter kan
ikke dyrkes med
kendte metoder

Hvordan identificerer vi millioner af ukendte bakterier?
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Vi identificerer mikroorganismerne ved hjzelp af DNA analyser

Genom

Phylogenomics + metabolske
modeller

_—> Funktionelle gener (fx amoA)

Genom
(2000-6000 gener)

Fingerprint
\ Unik for
16S rRNA gene forskellige
(1500 -1600 bp) organismer
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Analyse af mikrobielle samfund (fingerprint)

Tetrasphaera-

Coprothermobacter -
k__Bacteria-
Candidatus_Microthrix -
f__Bacteroidetes_vadinHA17 -
o__Clostridiales-
f__Anaerolineaceae-
k__Bacteria=-

ADurb.Bin120-

Leptolinea-

Thermovirga-

Dechloromonas -

Sampling

DNA Extraction Sample prep. Sequencing

Samfundsstruktur
102 11 1.6 1.8 0.2 1.8
0.2 53 0 58 0 0
1.6 47 1.5 23 0.6 0.5
44 3.1 1.8 0.1 04 0.4
0 0 1.5 0 1.1 1.8
1.1 0.9 1 04 1.3 0.9
1 0 11 01 0.3 0.9
0 0 15 0 2.7 2
0.3 01 0 0 0 0.8
0 0 23 0 1.6 1.2
0 0 1.2 0 2.7 2.6
1.2 1.8 04 1.7 0.2 0
A B C D E F
Prgve

o [

ASV1
ASV2
ASV3
ASV4
ASV5
ASV6

8,2
0.8
0.7
1.3
0
0

Bioinformatics

Amplicon sequence
variants (ASV) tabel
(relativ hyppighed, %)

e | c o]
0.8 1.1 0.2

0
0.6
0.2

0

0

Klassifikation af ASV
med reference database

silva“¥ [k

Manglende
- sekvenser

0.3
0.9
0.3
1.2
0.9

0.1
0.1
14
0
0

»

- taxonomi

ASV1: g Tetrasphaera

ASV2:f Anaerolineaceae

+ ASV3: o _Closteridales

ASV4: g Tetrasphaera

ASV5: f_Bacteroidetes

ASV6: g Thermovirga .

@ .......
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Mange ukendte bakterieslaegter i landbrugsjord
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Retrieval of a million high-quality, full-length microbial
16S and 18S rRNA gene sequences without primer bias

Seren M Karst2, Morten S Dueholm'22, Simon ] Mcllroy'©, Rasmus H Kirkegaard'©, Per H Nielsen'
& Mads Albertsen!

Small subunit ribosomal RNA (SSU rRNA) genes, 165 in
bacteria and 185 in eukaryotes, have been the standard
phylogenetic markers used to characterize microbial divers
and evolution for decades. However, the reference databas
of full-length 55U rRNA gene sequences are skewed to wel
studied ecosystems and subject to primer bias and chimeri
which results in an incomplete view of the diversity presen
a sample. We combine poly(A)-tailing and reverse transcrip
of SSU rRNA with synthetic long-read i
to generate high-quality, full-length SSU rRNA sequences,
without primer bias, at high throughput. We apply our appr
to samples from seven different ecosystems and obtain mo
than a million S5U rRNA sequences from all domains of
life, with an estimated raw emor rate of 0.17%. We observe
a large proportion of novel diversity, including several deep
branching phylum-level lineages putatively related to the
Asgard Archaea. Our approach will enable expansion of the
55U rRNA by orders of i ani
contribute to a comprehensive census of the tree of life.

In 1990 two studies reported the first few microbial 165 rRNA
sequences from complex environmental samples, and provic
first glimpse of the vast, unknown microbial diversity preser
Earth!2. In recent years, high-throughput DNA sequencing of
variable regions in the SSU rRNA gene has formed the backbo
most microbial ecology studies. However, the usefulness of SSU 1
fragments is highly dependent on the underlying reference datal
of near full-length SSU rRNA gene sequences. Over the past two
ades, two million near full length SSU rRNA gene sequences|
been deposited in databases (SILVA® 55U Ref v. 128). These sequ
represent only afraction of the estimated microbial diversity on E
which has been proposed to range from millions to trillions of
cies!. Most full-length S5U rRNA gene sequences are genera
PCR, cloning and Sanger sequencing, but the cost per sequency
venis the large-scale sequencing projects that are needed to pro|
populate the tree of life from being carried out. Due to technold
limitations, the full -length SSU tRNA genes (1,400-1,900 bp) cf

Lzenter far Microblal Communities, Department of
Cormespongince should be adomssed to M.A [mad!

emistry and Biosciend
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Generation of Comprehensive Ecosystem-Specific Reference
Databases with Species-Level Resolution by High-Throughput
Full-Length 16S rRNA Gene Sequencing and Automated
Taxonomy Assignment (AutoTax)

Morten Simonsen Dueholm,” Kasper Skytte Andersen,” ' Simon Jon Mcliroy,™ Jannie Munk Kristensen, Erlka Yashiro,?
Seren Michael Karst,® Mads Albertsen,® Per Halkjar Nielsen?

l

ilboeg University, Aalborg, Denmark

O ALINON DI Wik LB TINGD DESE0 O W0 WIOWE (T Paper.

communities. However,

e Ity reference sequences
ne reference databases
xonomy for the uncul-

ut synthetic long-read

. . » length 165 rRMA gene
iases that include high-

| bacteria (=0.01% rela-

i and anaerobic digest-

& squence identity-based
. at provides a complete
+ SILVA taxonomy as a
a. The FL-ASVs are per-
d bias associated with

-
‘P uencing is an essential
-

Y researchers to choose Citation Dusholm M5, Andersan K5, Mclroy 51,
s processed with Auto- Krislensen M, Yashioo £, Karsd SM, Albertsen M,
~ Wssen PH, 2020, Geseration of
NA ASVs at the genus COMENENTSE SCOSYSIRM SPRCic feference
W 53l reference spocies
o the unclassified envi- high-throughput ful-ength 165 IRNA gena

senquencing ad autormaled mnomy
asSGNMENT (ALDT0. MBI 11£01557-20.
it/ 101 1 28001557 20

EiRtor o Dubier, Max Manck sttt for
o5, microbial ecology, Marine Microbiology

Copyright © 2020 Dueholm et al Thisis an
OpE 20255 ACIE SRR UNGer T TS
of e Conative Commens Attrnuticn 40
Intemational icersa.
mfﬁ‘mwm‘"‘mmmm

Aation with in situ anal

tions In natural and

~F Lystems requires reliable Cueholm, miaebio s dk, o Par Hakier
pciated with their meta- Maeksen, phrestioaaudk.
l omic rank is p 5 R R
T3t Mot esearch, School of Biomadicl
n and many ecolog- Saiences, Qusensland University of Technology
acies level (1) (EHUT), Transaational Research msmae,
|h-throughput 165 rRNA Wioalioongaiin, Cucensind, Mustrall
i Recetved |3 June 2020
\ gene spanning one to = = -
amplified by PCR and Published 17 Seplembar 200

taxonomic units (OTUs)

IS’ mikozsmong 1

CENTER FOR MICROBIAL COMMUNITIES | AALBORG UNIVERSITY ((



Flora Danica: En omfattende bogserie over Danmarks flora
- og porcelzen fra Royal Copenhagen

Produceret mellem 1761 og 1883
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Microflora Danica — en oversigt over alle bakterier i Danmark

NATIONAL NATIONAL
GEOGRAPHIC GEOGRAPHIC

FIELD GUIDE 10 THE FIELD GUIDE 10 1HE

MICROBES

OF DENMARK
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Microflora Danica

PDJ Fonden = 36 million DKK i perioden 2019-2025
Pls: Mads Albertsen & Per Halkjzer Nielsen

Vi vil lave referencedatabasen over alle mikroorganismer
i Danmark. Det kan kun ggres een gang!

Alle omrader i Danmark tilstraebes analyseret, ialt =
10.000 prever

Sammensatning af arter (biodiversitet) i bade naturlige
og menneskabte habitater, geografisk fordeling

En paraply over en masse interne og eksterne
samarbejder, fx kvaelstofomsaetning i landbrugsjord

Samarbejde med “Earth Microbiome Project”

Hjemmeside: www.microfloradanica.aau.dk
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The microbiome of Denmark

POULDUE JENSEN[ GRUNDFOS

AALBORG UNIVERSITET FOUNDATION


http://www.microfloradanica.aau.dk/

Indsamling af 10.000 prever i Danmark . %%

Arealudnyttelse DK Arealudnyttelse MfD

Agriculture

52 indsamlings-
projekter

DANICA

Vibeke Rudkjgbing

Project Co-ordinator

Geografisk deekning
Arealudnyttelse

Fokus pa omrader med hgj forventet diversitet
Ca. 2500 prgver fra landbrugsomrader
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Hvor langt er vi naet? %%

Status

* Vi har indsamlet > 10.000 prgver

* Alle prever er DNA sekventeret

* Referencedatabase er naesten faerdig!
* Vierigang med detaljerede analyser.

Eksempler:
* Hvor mange bakteriearter findes Danmark?

* Fordeling af bakterier i forskellige
habitattyper (indikatorarter)

* Bakterier involveret i metanomsatning
* Nitrifikanteri jord

CENTER FOR MICROBIAL COMMUNITIES | AALBORG UNIVERSITY «‘



Hvor mange bakteriarter findes der i Danmark?

Antal observerede
arter
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Rarefaction

5000 -

0 25 50 75 100
Antal prgver fra en type lokalitet

Eksempel:

Cr

>

:
O

8 forskellige habitater. i
Jo flere prgver — jo flere arter.

Omkring 100 prgver fra et habitat: de
fleste arter er detekteret = 5.000 -
15.000 arter pr. habitat.

Undersggelser af andre habitater er |
gang.

Vi forventer 0,5-1 million arter ialt — de

fleste nye og >99,99% uden et
artsnavn.

Alle vil fa et navn/ID.
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Kan bakterier bruges til at klassificere Natura 2000 habitater (Biowide)?

Thomas BN Jensen

Formal

* Overvagning af biodiversitet
(makrofauna) er kompliceret

Ecospace
EarlyDryPoor
LateDryPoor
EarlyWetPoor
LateWetPoor
EarlyDryRich
LateDryRich
EarlyWetRich
LateWetRich
Agricultural

* Nye metoder ngdvendige: Kan
bakterier i jorden bruges som
indikatorer for biodiversitet over
jorden?

000000000

* Opdagelse af indikatorarter

* Bedre biodiversitet management ———— -

RESEARCH ARTICLE Open Access o
lower

density
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A systematic survey of regional multi-taxon =i
biodiversity: evaluating strategies and coverage
Hans Henrik Bruun®?, Lars Brondum?®, Aimée T. Classen®, Lars Dalby', Kare Fog’,

Anders Johannes Hansen®, Morten D, D. Hansent, Toke T. Hoye'?,
Gregory 5. Newmanf, Lars Skipper!, Ulrik Sechting” and Rasmus Ejrmae:

Ane Kirstine Brunbjerg '@
Tobias G. Freslev®, Irina Goldber
Anders A, llum?, Thomas Lees:

Doad ot Tobias Frgslev

15
Abstract : p g
Background: In ight of the bicdiversily crisis and our limited ability o explain veriation in biodiversity, tools to
quantify spatial and temporal variation in biodiversity and its underlying drivers are crifically necded. Inspired by the
publs pace framework, ped and tested a sampling design for environmental and bi .
mapping. We selectad 130 study sites (40 x 40 mi across Denmark using stratified random sampling along the major iabllﬂ‘ type
enviranmental graclents underlying biotic variation. Using standarized methads, we collected site species data on £ Eﬁgv
vascular plants, bryophytes, macrofungl,lichens, gastropad thropods. To evaluate lency, we o ek
calculated reglonal coverage (relative 1o the known species number per taxonomic Groupl, and le coverage By
Plantation

il sample completeness per taxonomic group at each site). To extend taxonomic coverage to organisms that are
difficult 1o sample by classical inventories fe.g, nematodes end ron-fuiting fungi, we collected soil for metabercod-
ing. Finally, to assess site conditions, we mapped abiotic condilions, biotic resources and habilat continuity.

Results: Despite the 130 study sites only cover
we found 1774 spcies of macrofungi (4% o

Maculinea alcon (ensian bl

minute fraction (0.0005%) of the Lotel Danish Lerestrial area,
Danish fungal species pool), 63 vascular plant species (42%), 254

bryophyte species (4158) and 200 lichen species (19%). For arthropods, we observed 330 spider species (58%), 123
Hygrocybe spadicea (daddelbrun vokshat), sirbar ] carabid beetle species (379) and 99 hoverfly species (33%). Overall, sample: coverage was femarkably high across
3 < z 7 taxonomic groups and sufficient ta capture substantial spatial variation in biodiversity across Denmark, This inventory

Thomas Lessee \ f G s nationally unprecedented in detail and resulted in the discovery of 143 species with no p record for Den
e mark Comparison between plant OTUS cetectad In soll DNA 2nd observd plant spcies confirmed the usefulness of .
carefully curated environmental DNA-data. Correlatins among species richness for taxonamic groups were predomi Ra smus EJ ernaes
nantly positive, but cid not correlate well among all taxe suggesting differential and complex biatic respanses to
environmental variation. h H H
Conclusions: Ve succesfulyan adequately smple 2 ide ange ofcverse v slong ey envionmentl rach Aarhus University
ents across Denmark using an approach that includes mult-taxon biodiversity assessment and ecospace mapping.
Cur approach Is applicable to assessments of bloiversity In other regions and blomes where species are structured
along environme:
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Forelpbige resultater: Klar sammenhaeng mellem bakterier i jord og o

biodiversitet over jorden

NMDS

3-dimensional, final stress: 0.102

3-dimensional, final stress: 0.052

Under

é FLORA

DANICA

nnnnn
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Nu kender vi navne/ID af bakterierne. Hvilken funktion har bakterierne?

Metagenome assembled Metabolske
Genom-centric genomes (MAGS) modeller

metagenomic

DNA extraktion

—= —> —>

nature methods BRIEF COMMUNICATION @
2022 emsuen GTDB Cenome

Oxford Nanopore R10.4 long-read sequencing
enables the generation of near-finished bacterial reference database: = 81.000 genomer
genomes from pure cultures and metagenomes
without short-read or reference polishing

Mantas Sereika ©'*, Rasmus Hansen Kirkegaard 24, Saren Michael Karst®',
Thomas Yssing Michaelsen', Emil Aarre Serensen®', Rasmus Dam Wollenberg?® and
Mads Albertsen ©®'=

Microflora Danica: = 20.000 nye genomer
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Metandannelse og metanfjernelse — vigtig ved udledning
af drivhusgasser og gendannelse af vadomrader y

Kalinka Knudsen Caitlin Singleton

* Etableret et katalog over metanproducerende
og metanoxiderende archaea/bakterier i Take up methans Fiter produced methane
forskellige miljger.

 Viser mange nye sleegter og arter.

|Low oxygen
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Metandannelse og metanfjernelse — vigtig ved udledning
af drivhusgasser og gendannelse af vadomrader

Kalinka Knudsen Caitlin Singleton

* Etableret et katalog over metanproducerende
og metanoxiderende archaea/bakterier i Take up methans Fiter produced methane
forskellige miljger. '

 Viser mange nye sleegter og arter.

* Nye genomer af “Upland Soil Clusters, USCa” —
kan oxididere metan ved atmosfeaeriske
koncentrationer — etablering af metabolsk i
model.

o 6t Tl
o b N
%/ \ —
g ‘)A,m.»w«w.\,,ﬂ,%(u / S 5 w4 w4 N @
ol A N ! L
,)“\ 3 o | m,,,/'v,‘ }“/L / g N wo iy §/ \
Okt g ‘;( % 3
Novel i oj F = Novel 5 |
" } s . ;( rQ kbp
Clrcular L A Metabolsk model
USCa - T USCa § F e
00 kb g \00”, =% 3 f
#2354, » 2es
R
h;(‘“;”‘/@wﬁuwk-«—rﬁ"\“\w 2 iy » ol o,

11972317
£333212
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Metanoxiderende bakterier, som kan leve ved atmosfaeriske
metankoncentrationer, er udbredte i “naturlige” systemer

Forrests and
Grasslands

Scrubs, Heaths, and

Coastal and Dunes Rocky habitats

Bogs, Mires, and Fens

Likely_mmoX-
Beijerinckiaceae_mmoX- -
Hyphomicrobiaceae_mmoX - -
Methylococcaceae_mmoX-
Methylocaldum_methylococcus_mmoX -
Methylomonas_mmoX-
Methylovulum_mmoX-
Methylocystaceae_mmoX-

Methylocystis Methylosinus_mmoX-

Methylocystis_mmoX -
Beijerinckiaceae_pmoA -
USCa-
Gammaproteobacteria_pmoA -
Methylococcaceae pmoA - -

USsCg-
Hyphomicrobiaceae_pmoA -

Methylocystaceae_pmoA1 - --

Methylocystaceae_pmoA2 - -
NC10-

Nevskiales_Macondimonas -

Nevskiales -
Putative_pmoA_Binatales -
TUSC-

Verrucomicrobia_pmoA-

N D6 ' AR R N N
\r_b"(‘b & B ® a Cﬁ%\ & @"‘0\ ARG & > &® & @ \é’
o & N &5 & & & F & e oo & s
@ \‘p{\ N bb\) 'E}bo ,a‘bc' 6\30 QOK 55}% 59\® fa\(é\ ,Dbo \oﬁq’ Qe,@ P ‘\?‘r}
5 S S e
& & o & &N & & & F & © @ R
&« & AN S @ % &S & &
i & Q& & & & e <g®
& 7 & & P &
= & N & A
& N F
@ > & <P o
N & P &
i rb(;\%\ 6_\\’@
()
) o

% Read
Abundance

3.0
1.0
0.3
0.1

MICRO
FLORA

DANICA

Habitat

Bogs, mires and fens (255)
Coastal (14)

Dunes (125)

Fields (784)

Forests (452)

Freshwater (261)

Grassland formations (490)
Heath and scrub (148)
Natural - lacks classification (339)
Rocky habitats and caves (7)
Sclerophyllus scrub (23)
Urban (150)

000000000000
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Metanoxiderende bakterier, som kan leve ved atmosfaeriske
metankoncentrationer, er ogsa udbredte i landbrugsjord!

Agriculture

Likely_mmoX -
Beijerinckiaceae_mmoX-
Hyphomicrobiaceae_mmoX -
Methylococcaceae_mmoX -
Methylocaldum_methylococcus_mmoX -
Methylovulum_mmoX -
Methylocystaceae_mmoX -
Methylocystis_Methylosinus_mmoX -

Methylocystis_mmoX - % Read

Beijerinckiaceae_pmoA - Abundance

el USCa- 30

1.0
Gammaproteobacteria_pmoA -

Methylococcaceae_pmoA - Zi

usCg-
Hyphomicrobiaceae _pmoA -
Methylocystaceae_pmoAl-
Methylocystaceae_pmoA2-
Nevskiales_Macondimonas -
Nevskiales -
Putative_pmoA_Binatales -
TUSC-

Verrucomicrobia_pmoA -

AP A NI A B I B I
OF T XY W@ e
A A
S s - S S X
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ARG AT B
C,Qfo s C & &
\s SN e
W RS )

MICRO
FLORA

DANICA

Habitat

Bogs, mires and fens (255)
Coastal (14)

Dunes (125)

Fields (784)

Forests (452)

Freshwater (261)

Grassland formations (490)
Heath and scrub (148)
Natural - lacks classification (339)
Rocky habitats and caves (7)
Sclerophyllus scrub (23)
Urban (150)

000000000000
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Kvaelstofkredslgbet i landbrugsjord

Nitrifikation

* Fordeling af nitrifikanter i Denmark inkl. 2500 prgver i landbrugsjord
o > 600 genomer fra nitrifikanter — det stgrste studie nogensinde
o Mange nye nitrifikanter — bade sleegter og arter

« Vil danne grundlag for fremtidige studier af nitrifikation i (landbrugs)

jord
N,
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Relativ hyppighed af de dominerende
nitrifikanter i landbrugsjord
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Fordeling af
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Nitrospira ( )
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Spaendende sp@grgsmal: hvad bestemmer arters udbredelse?

i MICRO

é FLORA
DANICA

Satelite & drone imaging

Prof.

(a) orthophoto (b) dtm_10m
D Signe Normand
y Q=

Microflora Danica data

(e) heat_load_index

Soil properties
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@ o %
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Keeling and Eglit, 2023

Stramenopiles

Vi er ogsa i gang med at se pa de sma eukaryoter (svampe, protister,....)
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HVORDAN DAKKER VI DANMARK?

BAGGRUND 0G METODER
“Den videnskabelige og
teknologiske betydning
af en sadan
mikrobiologisk 'Q
database (et atlas) kan
vanskeligt '
overvurderes. Nar de ;
store linjer i atlas’et i

engang er identificeret,
Lzes mere om Microflora Danicas ideologiske vil det ikke Ske igen. Laes mere om, hvordan 10.000 prover indsamles pa
tilknytning til det historiske vaerk Flora Danica, samt z tvaers af Danmarks geografi og terraen for at deekke
om mikroorganismer og deres betydning, og Projektet har derfor den mikrobielle diversitet, som findes i jordhojde, i
hvordan mikoorganismer identificeres. bade terrestriske og akvatiske miljoer.

mulighed for at skabe
signifikant impact pa
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Mikrodiversitet omkring radder
- kan vi foraedle til et bedre mikrobiom?
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= (Green solutions

Model systems across scales and complexity
= [aboratory versus natural media
. = from molecular to field scale
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 Forsta mikrobiel gkologi i jord-plante-microbe systemet
« Funktionel forstaelse af plante-microbe interaktioner



Ragdder som et foreedlings-target?

= Jordens mikroorganismer er diverse, og lever |
samfund med et komplekst netvaerk af interaktioner

* Plantergdder — metabolsk aktivt hotspot

» Mikroorganismer bidrager med mange vigtige
funktioner der styrker plantevaekst

Hvilke parameter er vigtige for hvordan de mikrobielle -
samfund etablerer sig pa radderne — hvordan kan vi gge
de positive interaktioner?
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1. Er der forskel i den mikrobielle intraspecies diversitet mellem sorter?

Fusarium - ranking of cultivar susceptibility
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Figure 21. Per cent attack of Fusarium head blight in late July. Average of both trials. The LSD _ value
=5.5.
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1. Er der forskel i den mikrobielle intraspecies diversitet mellem sorter?
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Er der forskel i den mikrobielle intraspecies diversitet mellem sorter?

Isolering af 600 Pseudomonas stammer
~300 fra hver sort

Ty

16S rRNA taxonomi

=~ /Artsniveaul fordeling Artsniveaul fordeling
- Heerup Sheriff

= Hgjere diversitet omkring Sheriff rgdder
= Samme arter har forskellig gen-sammensaetning
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2. Er der helt specifikke traek hos mikroberne som er vigtige for at kolonisere redder?
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» Pseudomonas SBW?25, der producerer viscosin, koloniserer
hvedergdder bedre end den tilsvarende mutant som ikke kan
producer viscosin




2. Er der helt specifikke traek hos mikroberne som er vigtige for at kolonisere radder?

Evnen til at producere viscosin har
ogsa en indflydelse pa hvilke

organismer der ellers koloniserer

bade bakterier og protozoer
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Ved at fokusere ensidet pa
foraedling af udbytte og
vaekst, har vi sa mistet vigtige
interaktioner mellem radder
og mikroorganismer?



[ samarbejde med hvede genetikere fra
NIAB, Cambridge har vi adgang til
hvede populationer med forskellig
genetisk sammensaetning e.g. MAGIC

MAGIC (8)
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Cockram J (2023).. Compendium of Plant Genomes. Springer, Cham. Pp 289-320.




Fokus pa at forsta kolonisering af radder, indflydelse pa
plantevaekst samt hvorvidt der er en genetisk
komponent der styrer den specifikke kolonisering af
mikroorganismer
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