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é FLORA
DANICA

Flora Danica: Porcelzen fra Royal Copenhagen
- og en omfattende bogserie over Danmarks flora

Produceret mellem 1761 og 1883
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Microflora Danica

The Microbiome of Denmark

PDJ Fonden = 30 million DKK ~ POULDUE JENSEN[ GRUNDFOS

lpber i perioden 2019-2023 FOUNDATION

Pl: Mads Albertsen & co-Pl: Per Halkjaer Nielsen

Vi vil lave referencedatabasen over alle mikroorganismer
i Danmark. Det kan kun ggres én 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 talrige interne og eksterne samarbejder
Samarbejde med “Earth Microbiome Project”

En fremragende platform for uddannelse af studerende

%\MCRO

é FLORA
DANICA

NATIONAL
GEOGRAPHIC

FIELD GUIDE 10 THE

MICROBLES

OF DENMARK
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Identifikation af mikroorganismer og betydning af en
god referencedatabase

Microflora Danica:
Organisering af prgvetagning
Muligheder for at deltage i projektet
Data output

Forelpbige resultater, eksempler
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Hvor mange bakterie arter finds der i verden?

Langt de fleste
arter kan ikke
dyrkes og
isoleres med
kendte metoder

Dyrkede og karakteriserede: = 10.000 arter
Kendt via deres DNA: = 250.000 arter

Estimater: tusinde til milliarder

Bedste bud i dag: nogle/mange millioner
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ldentifikation af mikroorganismer e

¥ DANICA

NLtg Might code for

= an enzyme that
/ mmo=mm  degrades fat.

Genome
3000-5000 genes

Fingerprint

Unique for
different
bacteria

16S rRNA gene
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ldentifikation af mikroorganismer e

DANICA

Reference

16S rRNA gene amplicon sequencing database S I lva %

" . . .. . high quality ribosomal RNA databases
Sampling DNA Extraction Sample prep. Sequencing Bioinformatics
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Neutg' M,ught code for g The 16S ‘rRNA Gene‘Database and Tools
= an enzyme that
degrades fat.
Relative abundance [%]
® Microthrix 11.8
. o Genome C10_SB1A 9.1
o 3000-5000 genes Tetrasphaera 7.5
O Dechloromonas 3.1
B45 2.8
& Trichococcus 25
Rhodoferax 1.4
P2CN44 1.3
Fodinibacter 1.1
. . Propionicimonas 0.8
Fingerprint Hyphomicrobium 0.8
Simplicispira 0.6
Uni Gordonia 0.3
16S rRNA gene nigue for Sphingopyxis 0.3
different Ferruginibacter 0.1
. . +1000 more...
bacteria
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Referencedatabaser indeholder DNA-sekvenser fra alle kendte bakterier %%%

|dentifikation:
Sammenligning af ukendt
DNA-sekvens med
reference database

Kort ukendt 16S
rRNA sekvens

S| lva%?

high quality ribosomal RNA databases

‘Methylobacterium

Xanthobacter

Bradyrhizobium

Rhodopseudomonas sp.
0 seus
hodoplanes elegans
X84612 (Bond)
MC2

MC10
MC8 MC16

mc3s DA122

main tree

PAD47

X84609
(Bond)

Sphingomonas et al.

¥ DANICA
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Men databaserne er ikke komplette....... %%%

Identifikation: SI lva i i

Sammenligning af ukendt high quality ribosomal RNA databases
DNA-sekvens med
reference database

=] virescens
§ ~ ~~ = Ukendt
S} oseococcus

Kort ukendt 16S
rRNA sekvens

X84609
(Bond)
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ldentifikation af mikroorganismer

16S rRNA gene amplicon sequencing

Sampling DNA Extraction Sample prep. Sequencing Bioinformatics
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Databaser kan ggres komplette!

1) Etablere et komplet saet 16S rRNA gen sekvenser

LETTERS

nature 2018
biotechnology

Retrieval of a million high-quality, full-length microbial
16S and 18S rRNA gene sequences without primer bias

Soren M Karst!2, Morten S Dueholm!"2®, Simon ] Mcllroy'®, Rasmus H Kirkegaard! @, Per H Nielsen!
& Mads Albertsen!

2) Etablere et kunstigt klassifikationssystem med placeholder
navne indtil der kan opnas rigtig klassifikation

Relative abundance [%)]

Microthrix
Unknown species
Tetrasphaera
Dechloromonas
Unknown species
Trichococcus
Unknown species
Unknown species
Fodinibacter
Unknown species
Unknown species
Unknown species
Unknown species
Sphingopyxis
Unknown species
+ 1000 more...

11.8
9.1
75

g MICRO

é FLORA
DANICA

I'kke-komplet! Si lva%

high quality ribosomal RNA databases

g The 165 rRNA Gene Database and Tools

Mange ukendte

Ingen taxonomi
for de ukendte
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MiDAS reference database for spildevan

n

1 million full-l&engde 16S rRNA gene sekvenser

n

4,000 arter — naesten alle er ukendte!

Kan ogsa bruges til visualisering af mikroorganismer

Tree scale: 0.001 -+

Firmicutes, . 4 j’h"’f//p&"f\ Proteobacteria
= s,

Chloroflex%
£ Y x
= Full-length 16S rRNA tree (2
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www.midasfieldguide.org/guide

MIDAS
Field Guide

Home Search Field Guide Browse taxonomy BLAST Definitions Downloads Protocols Publications About

Contact us

Visit our other sites

MiDAS: Field Guide to the Microbes of

Activated Sludge and Anaerobic Digesters . MIDAS
- Global

——MmIDAS

Denmark

News

The MIDAS (Microbial Database for Activated Sludge) field guide aims to summarize all the Digest this latest preprint
knowledge about the physiology and ecology of the important microorganisms present in featuring extensive analysis of
engineered ecosystems of activated sludge plants, anaerobic digesters, and related Danish AD #microbiome with
wastewater treatment systems, ultimately creating a universal guide to the field. focus on growing species using

the new MiDAS3 #taxonomy
Based on many years of collaboration with Danish wastewater treatment plants we https:

developed the ecosystem-specific MiDAS taxonomy. It is a comprehensive, automated and
curated taxonomy providing species-level resolution (Dueholm et al. 2020). In the near
future, the taxonomy will be extenvded zvavenv further based 9n our recent global campaign in The new version of ecosystem-
order to expose near-complete microbial diversity present in these ecosystems across the specific MiDAS #taxonomy is

//www.biorxiv.org/content

hours ag:

world. now available Check how
@PHNLab applied it to analyze
species-level microbiome of
Danish #WWTPs

https://www.sciencedirect.com/
Posted 4 hours ag

Vision: MiDAS provides an y pecific y that together with the field
guide links identity to function for the microbes in wastewater treatment and
bioenergy systems.

The MIDAS taxonomy can be used to classify and provide placeholder names for unknown
sequences at the species-level, and the online MiDAS field guide links the identity to a
referenced summary of their in situ metabolism, morphotypes, and abundance in influent
wastewater, activated sludge, and anaerobic digesters. Moreover, the BLAST function

W Follow us on twitter

allows you to classify your sequences directly online.

Identity

m l D n S Genus & species function
Abundance
F| eld G ul d e Data visualisation

Protocols
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Sammenligning af MiDAS 3 og SILVA 132 pa sleegts-niveau

MiDAS_3.0

Tetrasphaera; -
Candidatus_Amarolinea; -
Candidatus_Microthrix; -
Trichococcus; /-
Candidatus_Microthrix; -
Candidatus_Epiflobacter;-
— midas_g_488; /-
Tetrasphaera; -

Ferribacterium; -

MiDAS navn

Tetrasphaera; -
Thauera; -
midas_g_7; -
Nitrospira; -
Rhodoferax; -

Dechloromonas; -

7.3

1.9
0.8
1.2
0.7
21
0.1
0.1

o O

0.1
0.2

>- 0O

(state-of-the-art)
Silva_132_SSURef_Nr99

27 52 2.3 1.6 - Tetrasphaera;
0.2 0.4 [16.8 7.6 - r_Chloroflexi
45 3.2 3.3 0.2 - p_Actinobacteria
0.7 0.9 0.9 0.9 - Trichococcus;
2 23 0.2 1.4 - Candidatus_Microthrix;
0.5 1 0.3 (0.7 -f__Saprospiraceae
05 0.7 02 0.7 -f_Anaerolineaceae,
0.5 0.7 0.5 1.1 - Tetrasphaera;.
0 0 0 0 - Dechloromonas;
0.1 0.1 04 0.5 - Tetrasphaera;
0 0 0 0 - Thauera;.
03 0 01 1.1 -f_Saprospiraceae,
0.3 0.3 0.1 0.6 - Nitrospira;

02 02 03 0.2 -f_Burkholderiaceae
05 02 25 0.1 - Dechloromonas;.

B C D E

Renseanlaeg

g MICRO

éiiory
Hyppigste slaegteri 5

danske renseanlaeg

Rod: ingen
klassifikation til sleegt
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ldentifikation af mikroorganismer og betydning af en god
referencedatabase

Microflora Danica:
Organisering af prgvetagning
Muligheder for at deltage i projektet
Data output
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Mange samarbejspartnere (nationalt og internationalt) Qo

arth

F | |
o The New Tree of Eukaryotes r
- — " »

Erik Aude
HabitatVision

Jgrgensen

Institut for Bioscience

Foskning v Rddgivning v Uddonnelse v Ervenssamarbeide v Alumner v v Austtv

150220

Biodverset Biowide 7.500 naturejere fir besog Fabien Burki,'>*® Andrew J. Roger,** Matthew W. Brown,>4 and Alastair G.B. Simpson®7.*
g Prcheider Biowide (Biodis Width and Depth) er den hidtil D Ml aytuder
i :(:. - ‘;::‘n“‘n““ﬂ, SRR P et Mol For 15 years, the eukaryote Tree of Life (eToL) has been divided into five to eight major group-  Highlights
e Dok Tt o e b e B e e G SR IEOROR ings, known as ‘supergroups’. However, the tree has been profoundly rearranged during this 1,
kortlagt i Atlas-undersogelser eller undersogelser of vihar | time. The ToL results i di r
eksperimenter med fokus pd interessante eller forhel h ationst lovgning, 0 rekter o9 nernationale e coveries of major lineages of yotes, mostly free-living ic protists. The evids
beskyttede bestande elle lokaliteter. 1 Biowide har vi o O SOy B e s that supports the tree has transitioned from a synthesis of molecular phylogenetics and biolog-
> Medarbejdere “"“_";"“_:“' “;“[‘““ ““"'”‘"":‘i" il ical characters to purely molecular Most current lack defining
tankliss typer a plaster, vaimpe og dye - enten

morphological or cell-biological characteristics, making the supergroup label even more arbi-
trary than before. Going forward, the combination of traditional culturing with maturing cul-
ture-froe approaches and phylogenomics should accelerate the process of completing and
resolving the eToL at its deepest levels.

direkte ved observation af rter, eler indirekte ved
sekvensering af DNA-pester § jordbanden.

Finansiering og dataindsamiing @

Ym::ﬂluﬂ'ﬁ:ﬂl;!l"" af Villam Fonden og lob i The Eukaryote Tree of Life

e e Resolving the evolutionary tree for all eukaryotes has been a long-standing goal in biology. Inferring
nsive is a worthwhile objective in itself, but the eToL is

3 the origins and histereatagkanare biologyand

Tlobet af fire i blev 130 provefeler pi 40 x 40
meter undersest il bunds, med undiagelse of
vireeldy, som ikke kunne reprasenteres
meningsfaldt pd denne skals, Proveteherne

& gradiate  produktiitet,

evolutionary processes underpinning it. It
of eukaryote evolution, such as cell biology, genome orga

rrokse suppleret med folter, som. molecular era, the eTol has also become a vital resoufé . .
- by el Daniel McDonald Rob Knight

{odevi miljo- og artsdata (planter,
{Bipe og insekter) samt DNA-data
blew brugt latteste

UCSD, USA UCSD, USA

Fabien Burki Javier del Campo
(SciFiLab, Sweeden) (Miami, USA)

Rasmus Ejrnaes
Biowide, AU
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10,000 prgver pa tveers af Danmark %’%gsg

AAAAAA

30 prevesamlings projekter
* Geografisk deekning
* Hensyn til arealanvendelse

* Fokus pa lokationer med
forventet hgj diversitet

Land use in Denmark

Natural

A

Agriculture



Erik Aude i\?%mcm

) HabitatVision éFLORA

DANICA

Naturlige habitater: vand og jord

I8Nk . natural soil

Gothenburg=

Natur-vand

S¢er maoser natural water
V4

Kyster

Vandlgb

Natur-jord
Kystomrader

Torre jorde
Vade jorde

Skove



$SEGES ...

DANICA

Landbrug

Askov
Saesonprgver fra forsggsstation

Jonkoping* . Askov

Cothenburg*

B kvadratnet

Studenter projekter something else

Konventionelt og gkologisk landbrug

Kvadratnet
Graes
Kartofler
Majs
Sukkerroer

& ‘O NHAGEN®

Q MALMO*

'&

Raps
Forskellige kornarter

To come:
2000 prover fra SEGES
landbrug



Urbane omrader

Byer-jord
Byparker
Byer - andet

Byer-vand
Byer-sger

Regnvand
Byers regnvandsbassiner
Vejes regnvandsbassiner

To come:
Grundvand
Drikkevand
Forurenet jord

Odense*
O @
&

O
o

Helsingborg»

COPENHAGEN™

MALMO*

é

city_ponds

city_soil

“ainwater

! MICRO

FLORA
DANICA



2 FLORA
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2021: prevetagning af Danmark under jordoverfladen %5

Vi spger samarbejdspartnere til at daekke flere omrader

Vibeke R. Jgrgensen
vri@bio.aau.dk
— Tel: 9940 7243
Mobil: 2617 9672

Grundvandsmagasiner

Vandprgver

Mal: 100 primeere grundvandsmagasiner
spredt over Danmark

Jordprgver

Mal: +100 prever fra anleeggelse af nye
boringer

Forureningsundersggelser
Mal: 250 prgver fra alle 5
regioner

Drikkevandsprgver
Mal: 50 vandpregver fra
vandveerker

Mal: 50 omrader

www.microfloradanica.aau.dk

CENTER FOR MICROBIAL COMMUNITIES | AALBORG UNIVERSITY (((


mailto:vrj@bio.aau.dk
http://www.microfloradanica.aau.dk/

indhold Y

ldentifikation af mikroorganismer og betydning af en god
referencedatabase

.....
.....
V
-
-

%}? Microflora Danica:

MICRO

é?‘)&%’{.é\ Organisering af prgvetagning
Muligheder for at deltage i projektet
LN Data output

Forelgbige resultater, eksempler

CENTER FOR MICROBIAL COMMUNITIES | AALBORG UNIVERSITY (((



Data output fra Microflora Danica %“‘2«%

1000 prover

rRNA amplicon
[Nanopore/PacBio]

small subunit large subunit

e e

165 (SSU)  tRNA 235 (LSU) 55
—) <
8F 2490R

Liste (Database) af hgj-kvalitets
reference 165/18S rRNA
sekvenser til tree-of-life

(stamtrae).

DANICA

10.000 prever 100 prgver
Shallow Metagenomics Deep Metagenomics
[lllumina 5 gbp; 17 mill. Reads] [lllumina + Nanopore]
bbb
I B S b |
.
Sammenligning af korte DNA Genskabe genomer fra
sekvenser (reads) til databaser. ukendte bakterier fra
Hyppighed af 165/18S rRNA gener i udvalgte prgver
alle pragver.
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g MICRO

Microflora Danmark: Renseanlaeg og spildevand i Danmark &iisis

Ca. 80 renseanlaeg + spildevand i Danmark
(alle pr@ver er indsamlet, ca. halvdelen
sekventeret)

* Hvilke bakterier findes i spildevand og
renseanlzeg?

* Er bakteriesammensaetning forskellig i
forskellige dele af landet?

* Betyder bakterierne i indlgbet noget for
renseanlaegget?

¥ DANICA

Admir Giulia Marta

Murguz Dottorini Nierychlo
Sk?n Gotheonburg Bor:
er?&s o
o rvedo?_;havn Kunqscpacka
Vendsyssel o B]
arbel
KIJL()H("? O AQ}{(QJ
meo Q om o Halr
%
Q VIbQ_.] Rangrs Q
HOLOO.EDIO o co o N
Q
Ring¥ot He?c”n? 8 AO 3 o%oHelsirégb
e Sand o Q Q
0 Q Q 0
Billund \,?e o oCopoehag
c o Ros{lJ(ilde
r Denmark
=L Ay L 1)
O o o co o *?:ocelse O
Nationalp& o Q 4 Q [ca7
Vadehavy c3 Q O o o
Q
L 4 9 0% o 0 g
Fie_;w;burg O Q
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Aktivt slam renseanlaeg:

Top 25 hyppigste

slaegter

T

P g P

Ca_A "

Rhodob 1

Thiotrichaceae; Thiothrix -
Anaerolineaceae; Ca_Villigracilis -

Burkholderiaceae; Rhodoferax -

Carnob i Trich

Rhodocycl Dechl

Competibacteraceae; Ca_Competibacter -

Saprospiraceae; Ca_Epiflobacter -

tiahaimianahl AP0 PR

Nye slaegter
> Q

Ayk

Burkholderiaceae; Acidovorax -

Rhodocyclaceae; Ca_Accumulibacter -

ﬁ

Chitinophagaceae; Terrimonas -

ﬁ

Burkholderiaceae; Simplicispira -

Chitinophagaceae; Ferruginibacter -

> Sphing N

Microtrichaceae; Ca_Microthrix -

midas_g_6162-

Saprospiraceae; midas_g_17-

midas_f_27; midas_g_70-

midas_g_59-

Rhodobacteraceae; midas_g_57 -
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g MICRO

Mikrobielle samfund er ret ens — men har forskellig signatur Sl

40 aktiv-slam anlaeg
= 10 prgver gennem 3 uger fra hvert anlzeg
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PCo2 [8.6%]

Betyder geografisk placering noget %%%
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Vi er blevet lidt forsinkede.........

POUL DUE JENSEN/ GRUNDFOS

FOUND

ATION

Fra Microflora
Danica til Corona
Danica

POLITIKENE

Skal,
skalikke

E“

Nordjyder er blevet eksperter
i at spore coronaens nye
smitsomme mutationer

Ny metode bandt srlnitte pa plejehjem
gog hos mink sammen - og det kan vaere

TEXAD -

" 3 R s _ “0 WHO: Smitt¢
Virussens sma karakteristika kan vise, om smittekader hanger accelererer i Ev

Verdensbergmt corona-
overvagning: »Alles gjne er
rettet mod Danmark«

Showing 1176 of 1176 genomes sampled between Dec 2019 and Jun 2020.

207
istaden [ Nordiylland o’
lanmark B Hubei
=
&
Denmark
%l
¢
25 gy 3‘);
SR=ER PR
e .Y, = Lineages ana mutations or interest
20204029 20205026 2020Mar25 2020-8r22 2020 May-20
ot The plots below sh wmber of ca o mutatior
First reported in the UK. read more about the B.1.1.7 Also known
First observed: 2020-W37
Last observed
| 1l 4 Total cases: 2497
8,000 10,000 12,000

Geography

T il

1 Whole Denmark i

wp Washington Post
Denmark is sequencing all coronavirus
samples and has an alarming view of the U.K.

variant

Cases are exploding exponentially and
lockdowns may not be enough.

Cases weh genome
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Center for Microbial Communities

POUL DUE JENSEN[ GRUNDFOS

FOUND

\TION

www.microfloradanica.aau.dk

VILLUM FONDEN

FORSIDE BI0 / MICROFLORA DANICA /

HVORDAN DEKKER VI DANMARK?

AALBORG UNIVERSITET +

MICROFLORA DANJCA

IDENTIFIKATION AF MIKROORGANISMER BAGGRUND 0G METODER '

MIKROORGANISMER 0G DERES BETYDNING TILKNYTNING TIL FLORA DANICA

PRESSEARKIV - MICROFLORA DANICA

EKSTERNE SAMARBEJDSPARTNERE

PRESSEARKIV - CORONA DANICA INTERNE SAMARBEJDSPARTNERE
INTERACTIVE MAP

V& /g g
KONTAKT
MICROFLORA DANICA

- DANMARKS MICROBIOM

Projektieder:
Professor MSO Mads Albertsen
Email: ma@bio.aau.dk

Mobile: 2293 2191

Projektieder.
M I C R O Professor Per Halkjer Nielsen
Email: phn@bio.aau.dk

Tel: 9940 8503 / Mobil: 2173 5089

= FLORA A

Vibeke R. Jorgensen
Email: vrj@blo.aau.dk

D A N I ( A Teol: 9940 7243 / Mobil: 2617 9672

4 OMPROJEKTET

Microfora Darica kalskab an ulrenos database eber ot ates ver all mikrccrganismar,som fndes FOUND

naturligt i Danmark. Projektet udfores pa Institut for Kemi og Biovidenskab ved Aalborg Universitet og er

Projektet er finansieret af

POUL DUE JENSEN/ GRUNDFOS

\TION

YL T Y A

BAGGRUND 0G METODER

Lees mere om Microfiora Danicas ideologiske
tiiknytning il det historiske vaerk Flora Danica, samt
om mikroorganismer og deres betydning, og
hvordan mikoorganismer identificeres.

LES MERE

SAMARBEJDSPARTNERE
MATERIALE TIL PARTNERE
PRESSEARKIV

MICROFLORA DANICA TEAMET

HVORDAN DAKKER VI DANMARK?
“Den videnskabelige og
teknologiske betydning
af en sadan
mikrobiologisk
database (et atlas) kan
vanskeligt '
overvurderes. Nar de
store linjer i atlas’et
engang er identificeret,
vil det ikke ske igen. Laes mere om, hvordan 10.000 prover indsamles pa
tvaers af Danmarks geografi og terraen for at daskke
Projektet har derfor den mikrobielle diversitet, som findes i jordhojde, i
mulighed for at skabe bade terrestriske og akvatiske miljger. |
signifikant impact pa !'
bade kort og lang LAES MERE !

tidshorisont.” °

— Poul Toft Frederiksen, programchef for Forskning,
Poul Due Jensen/Grundfos Fonden

VERDENSMAL

for baeredygtig udvikling
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http://www.microfloradanica.aau.dk/

