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eDNA metabarcoding van bodems

Datura, oprichting in 2013
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eDNA metabarcoding van bodems slide 6

Onderzoeksopzet en
planning

PCR Library voorbereiding: 2e 
PCR en zuivering

Next Generation 
Sequencing

Bio-informatica

Semi-kwantitatief
resultaten

Bemonstering

DNA extraction

ATCGATCGGATCGATCGACTGACTGA
TCGACTGATCGACTGACTAGCTACGTA
CGATCGATCGGATCGATCGACTGACT
GATCGACTGATCGACTGACTAGCTAC
GTACGATCGATCGGATCGATCGACTG
ACTGATCGACTGATCGACTGACTAGCT

Ecologische
interpretatie

Statistische verwerking

Workflow

Metabarcoding



Resultaat

eDNA metabarcoding van bodems

Voorbeeld:
Hof te Boekelo

[Clostridium] dakarenseAbsidia glauca
Acanthamoeba 

castellaniiAcanthamoeba micheli
Acanthamoeba 

pustulosaAcetobacteraceaeAcholeplasmaAcholeplasma brassicaeAcholeplasma modicumAchromatium minusAcidimicrobiales
Acidimicrobium 

ferrooxidans
Acidisphaera 
rubrifaciensAcidobacteriaAcinetobacter

Acinetobacter 
calcoaceticusAcinetobacter lwoffii

Acrochordonoposthia 
conicaActinobacteriaActinoplanes

Actinoplanes 
ianthinogenes
Actinoplanes 
yunnanensisAfipia felis

Agaricales
Agaricomycetes
Agaricomycetes incertae 

sedisAgaricomycetidaeAgaricomycotinaAglenchus agricolaAgrococcus versicolorAgromyces rhizospherae
Albertiniella 
polyporicolaAlcaligenaceaeAlicyclobacillaceaeAlicyclobacillus aeris
Alkanindiges 
illinoisensisAllas diplophysaAlloscardoviaAlphaproteobacteriaAlternaria alternata

Amaricoccus 
tamworthensisAmmonifexAmorphus coralliAmphritea spongicolaAmycolatopsisAnaerobacillus macyae
Anaerocolumna 

cellulosilytica
Anaerolinea 
thermophilaAnaerolineaceaeAnaerotaenia tortaAnagrus epos

Aneurinibacillus 
migulanusAnomodon attenuatusAntarcticicola litoralisAnteholostichaAnteholosticha gracilisAnteholosticha monilataAnurofeca richardsi

Aphelenchoides 
heidelbergiApiotrichum porosumAplanopsis terrestrisAquaphila albicansAquicellaAquisphaera 
giovannonii

Archaeorhizomyces
Archaeorhizomyces 

borealis
Archaeorhizomyces 

finlayiArcobacterArcobacter butzleri
Arcuospathidium 

muscorumAridibacterArmophoreaArthrobacter
Arthrobacter 
endophyticusArthropodaAscomycota

Ascozonus 
woolhopensisAspergillaceaeAspergillusAspergillus candidusAspergillus caninusAspergillus wentiiAsteraceaeAureimonas ureilyticaAurigamonas solisAvena sativa
Azorhizobium 
caulinodansAzospirillum canadenseAzospirillum zeaeBacillaceaeBacillalesBacillariophytaBacilli
BacillusBacillus flexusBacillus indicusBacillus licheniformisBacillus megateriumBacillus niaciniBacillus subtilis groupBacillus vireti

Bacteroidales
Bacteroidetes
Balamuthia mandrillarisBasidiomycotaBdellovibrio 
bacteriovorus

Beggiatoa 
leptomitiformis
Bergeyella zoohelcum
Betaproteobacteria
Bifissio spartinaeBitylenchus maximusBlastochloris sulfoviridisBlastocladialesBlastococcus aggregatusBlautiaBodoBoletalesBoletinellus merulioidesBOP cladeBoreoeutheriaBosea thiooxidans
Brachyconidiellopsis 

fimicola
BradyrhizobiaceaeBradyrhizobiumBradyrhizobium elkaniiBradyrhizobium 

japonicumBrevundimonasBrevundimonas bullataBrevundimonas nasdaeBryidae
Bryobacter aggregatusBurkholderia 
pseudomallei
Burkholderiaceae

Burkholderiales

Butyrivibrio hungateiCapnobotryella 
renispora

CapnocytophagaCapronia dactylotrichaCapsaspora owczarzakiCarex siderosticta
Castellaniella 
denitrificansCatelliglobosispora 

koreensis
Catenula turgidaCaulobacter henriciiCellulomonasCellulomonas fimiCellulosilyticumCellulosilyticum 

lentocellum
Cenarchaeum 

symbiosum
Ceratosphaeria 
lampadophora
CercomonadidaeCercomonasCercomonas celerCercomonas edaxCercomonas 
plasmodialis
Cercomonas rotundaCercomonas volcanaCercozoaCernosvitoviella atrataChaetomium globosumChaetonotus neptuniChaetothyriomycetidaeChiayiivirga flavaChitinimonas 
taiwanensis

Chitinophaga
Chitinophagaceae

Chlamydaster sterniChlamydiaChlamydiiaChlamydomonadalesChloroflexiChloroidium 
ellipsoideum
ChloromonasChlorophyceaeChlorophytaChromadoreaChryseolinea serpensChrysolepidomonas 

dendrolepidota
ChrysophyceaeChytridiomycetesChytridiomycotaChytriomyces hyalinusCladophialophora arxiiClavibacter 
michiganensis
ClitellataClonostachys roseaClostridiaClostridiaceaeClostridialesClostridiumClostridium beijerinckiiClostridium botulinumClostridium butyricumClostridium celatumClostridium 

cellulovorans
Clostridium 

chartatabidum
Clostridium magnumClostridium 
nitrophenolicum

Clostridium 
pasteurianum
Clostridium perfringensClostridium roseumCoccomyxa vinatzeriCollembolaColpoda maupasiColpodeaComamonadaceaeConiochaeta fodinicolaCopromyxa proteaCoriobacteriiaCorynebacterialesCoxiella-like 

endosymbiont
Criblamydia 
sequanensis
CriblamydiaceaeCroceicoccus 
naphthovorans
Crocinitomix catalasiticaCryptosporidiumCupriavidus necatorCyanobacteriaCyclobacteriaceaeCyclopidaeCyclopoidaCylindrocystis 

brebissonii
Cyphellostereum laeveCyrtohymena australisCystobacter gracilisCystobacterineaeCytophaga aurantiacaCytophagaceaeCytophagalesDacrymyces stillatusDactylobiotus octaviDeferrisoma caminiDehalogenimonas 
lykanthroporepellens
Delftia lacustrisDeltaproteobacteriaDenitratisoma 

oestradiolicum
DesulfarculaceaeDesulfobacteraceaeDesulfobulbaceaeDesulfofustis glycolicusDesulfomonile limimarisDesulfosporosinus 

orientis
DesulfovibrioDesulfovibrionaceaeDesulfovibrionalesDesulfuromonadalesDethiobacter 

alkaliphilus
Devosia pacificaDidymella macrostomaDidymellaceaeDidymococcus 
colitermitum

Didymodactylos 
carnosus

DikaryaDileptus microstomaDinghuibacter silviterraeDinophyceaeDiplorickettsia 
massiliensis

Dissulfurimicrobium 
hydrothermale

DorylaiminaEcdeiocolea 
monostachya
EcdysozoaEchinamoeba 
thermarum

Echinogammarus 
veneris

Eladia sacculaEleutherascus lectardiiElliptochloris bilobataElliptochloris marinaElstera litoralisEmbryophytaEmticicia oligotrophicaEnchytraeidaeEndogonaceaeEngelmanniella mobilisEnhygromyxa salinaEnterobacteralesEnterobacteriaceaeEnterococcaceaeEnterococcus cecorumEnterococcus columbaeEntophlyctis confervae-
glomeratae

Eocercomonas echinaErysiphaceaeErythrobacter luteusEstrella lausannensisEucoccidioridaEudorylaimus carteriEuglyphaEuglypha filiferaEuglypha rotundaEuglyphidaEukaryotaEumetazoaEurotiomycetidaefabidsFellozyma inositophilaFilamoeba nolandiFilimonas lacunaeFilomicrobium fusiformeFinegoldia magnaFirmicutesFlamellaFlammeovirgaceaeFlammispora biotecaFlavobacteriaceaeFlavobacterialesFlectobacillus majorFlosculariaceaFonticula albaFragaria vescaFrateuria aurantiaFriedmannia israeliensisFriedmanniellaFructobacillus ficulneusFulvimarina pelagiFungiGaertneriomyces 
semiglobifer

GammaproteobacteriaGarritya polymorphaGemmata obscuriglobusGemmatimonadaceaeGemmatimonas 
aurantiaca

Gemmatirosa 
kalamazoonesis

GeoalkalibacterGeobacter soliGeraniaceaeGlarea lozoyensisGliophorus graminicolorGlomeromycetesGluconacetobacterGonapodya polymorphaGonostomum 
namibiense

Gonostomum strenuumGossypium arboreumGranulibacter 
bethesdensis

GurleyidaeHaemophilus 
parainfluenzae

Haloguignardia irritansHalomonhystera 
disjuncta

Halothiobacillus 
neapolitanus

Hanseniaspora 
occidentalis

HaptoriaHaptoridaHassallia byssoideaHazardia milleriHelicotylenchus 
multicinctus

HeliorestisHelotialesHemicriconemoidesHemiurosoma terricolaHemiurosomoida longaHerbaspirillumHerbiconiux solaniHerpotrichia diffusaHerpotrichiellaceaeHeterococcus 
caespitosus

HeteroloboseaHeteromita globosaHeterotrichidaHistoplasma capsulatumHolometabolaHolophaga foetidaHoltermannia 
corniformis

Hoyosella subflavaHyalella aztecaHyaloperonospora 
arabidopsidis

Hydrocarboniphaga 
effusa

Hydrozetes lacustrisHygroaster albellusHygrocybe occidentalisHymenobacterHymenobacteraceaeHypocrealesHypocreomycetidaeHypogastrura dolsanaHypsibius convergensIamia majanohamensisIlyobacter tartaricusIntramacronucleataIschnamoeba montanaIsosphaera pallidaIxodes persulcatusJeongeupia 
naejangsanensis

Jeotgalibacillus terraeJimgerdemannia 
lactiflua

Juncus effususJungermanniidaeKinetoplastidaKitasatosporaKitasatospora 
arboriphila

Klebsormidium 
crenulatum

Klebsormidium 
flaccidum

Kleinstyla dorsicirrataKofleriaceaeKtedonobacter 
racemifer

KtedonobacteriaLabilithrix luteolaLabrys monachusLachnospiraceaeLactarius lignyotusLactobacillalesLactobacillusLactococcus lactisLagena radicicolaLarkinella insperataLaurentiella strenuaLecanoromycetidaeLeeia oryzaeLegionellaLegionellaceaeLeifsonia xyliLeohumicolaleotiomycetaLeotiomycetesLeptomyxa reticulataLeucocybe candicansLeuconeurospora 
pulcherrima

Leuconostoc carnosumLicmophoraLitoribacillus 
peritrichatus

Litorilinea aerophilaLitostomateaLobulomyces angularisLongidoridaeLulworthia fucicolaLumbricus terrestrisLuteolibacter algaeLutibaculum 
baratangense

Lycoperdon pyriformeLyngbya confervoidesLysinibacillusLysinibacillus 
xylanilyticus

LysinimicrobiumMacrobiotidaeMacropogon 
testaceipennis

MagnoliophytaMalassezia 
pachydermatis

MalikiaMangifera indicaMarispirillum indicumMarssonina brunneaMassilia timonaeMelanogaster 
variegatus

Melastiza cornubiensisMerliniinaeMesangiospermaeMesenchytraeus nivalisMeseres corlissiMesodorylaimus 
japonicus

MesorhizobiumMesorhizobium 
shangrilense

Metapochonia 
suchlasporia

MetazoaMetellina merianaeMethanobrevibacterMethanocellaMethanomassiliicoccus 
luminyensis

MethanomicrobiaceaeMethanoregula booneiMethanosarcina mazeiMethanosarcinaceaeMethanosphaeraMethylacidiphilum 
infernorum

Methyloglobulus 
morosus

Methylosoma difficileMethylotenera versatilisMicrobacteriaceaeMicrobotryomycetesMicrococcaceaeMicrococcalesMicrolunatus 
aurantiacus

Microlunatus 
ginsengisoli

MicromonosporaceaeMiladina lecithinaMisophriopsis 
okinawensis

Mizugakiibacter 
sediminis

MniaceaeMonoblepharidalesMonoblepharis 
macrandra

MonogonontaMonosiga ovataMoraxellaMoraxella macacaeMoriera spinosaMortierellaMortierella verticillataMortierella wolfiiMucilaginibacter 
daejeonensis

Mucilaginibacter 
gotjawali

Mucor fuscusMucor rudolphiiMucoromycotaMumiaMycoemilia scopariaMyroides odoratusMyxococcalesMyxococcus xanthusNaegleria fowleriNaganishiaNakamurella flavidaNakamurella 
multipartita

Nannocystis pusillaNectriopsis violaceaNeisseriaNeisseria gonorrhoeaeNeisseria lactamicaNeisseriaceaeNematodaNeobodo designisNeobulgaria 
premnophila

Neochlamydia 
hartmannellae

Neosynechococcus 
sphagnicola

Nitrobacter 
winogradskyi

NitrosomonadalesNitrosomonasNitrosomonas marinaNitrospira marina
Nitrospira moscoviensis

NiveispirillumNiveispirillum irakenseNocardiaNocardia arthritidisNocardia testaceaNocardiaceaeNocardioides 
echinoideorum

Nocardioides 
ginkgobilobae

Nostocoida limicola IIINovispirillum itersoniiNovosphingobium 
oryzae

NucleariaNuclearia moebiusi

Occallatibacter riparius

Oceanibaculum indicumOchromonas danicaOikopleura dioicaOligochaetaOlivibacterOlivibacter terraeOlpidium brassicaeOomycetesOphiocordyceps 
macroacicularis

OpisthokontaOrbimyces spectabilisOribatidaOropetium thomaeumOryzihumus 
leptocrescens

Oscheius tipulaeOwenweeksia 
hongkongensis

Oxytelus fulvipesOxytrichidaePachyella clypeataPaenalcaligenes hominisPaenarthrobacter 
nitroguajacolicus
PaenibacillaceaePaenibacillusPaenibacillus 

amylolyticus
Paenibacillus 
ruminocola

Paenibacillus terraePanacagrimonas 
perspica

Pannonibacter 
phragmitetus

PapilionoideaeParabistichella variabilisParaburkholderia 
silvatlantica

Paracercomonas 
elongata

Paracercomonas 
oxoniensis

ParachelaParachlamydia 
acanthamoebae

ParachlamydialesParacoccus aminophilusParacoccus sanguinisParactinolaimus 
macrolaimus

Paraglomus occultumParamicrosporidium 
saccamoebae

Paramyrothecium 
roridum

Parapenidiella 
pseudotasmaniensis

Paraprevotella 
xylaniphila

Parastagonospora 
nodorum

Paratrichodorus 
pachydermus
ParatylenchusParietochloris alveolarisPasteurellaceaePattersoniella vitiphilaPedobacterPedobacter heparinusPedomicrobiumPellioditis typicaPelosinus fermentansPentapetalaePeptococcaceaePeptostreptococcaceaePeregrinia clavideferensPeriglandula ipomoeaePeronosporalesPersicaria minorPetrosaviidaePezicula radicicolaPezizalesPezizomycotinaPezoloma ericaePhallales

Phaselicystis flava
PhilasteridaPhilodina megalotrochaPhlyctochytrium 

arcticum
Phoma herbarumPhormidesmis priestleyiPhycisphaera mikurensisPigmentiphagaPiptocephalis 

formosana
Pirellula staleyiPlagiotoma lumbriciPlanctomycetaceaePlanctomycetalesPlanctopirus limnophilaPlanococcaceaePlanococcus antarcticus

Planomicrobium 
chinense

PlasmodiophoridaePlatyophrya voraxPlatyreta germanicaPleosporalesPleosporineaePleurostomatidaPluteusPoaceaePoalesPoduroidea
Polyangiaceae

Polyangium spumosumPolymyxa graminisPolyphagaPolyporalesPontibacter
Porphyrobacter 

mercurialis

Porphyrobacter 
tepidarius

Poterioochromonas 
stipitata
Prasiola crispaPrauserella rugosaPrevotella dentasiniPrionchulus muscorum

Prismatolaimus 
intermedius

Prodontorhabditis 
wirthi

PropionibacteriaceaePropioniferax innocuaProrhynchidae
Prosthecobacter 

vanneervenii

Proteobacteria

ProtostelialesProtostomiaPrototheca cutisPrunus persicaPsathyrella candolleana
Pseudarthrobacter 

scleromae
Pseudocyrtolophosis 

alpestris
Pseudogymnoascus 

destructansPseudomonadaceaePseudomonadalesPseudomonas

Pseudomonas 
carboxydohydrogena

Pseudomonas 
psychrophilaPseudomonas stutzeri

Pseudonocardia 
babensisPseudonocardiaceae

Pseudoplatyophrya 
nanaPseudourostyla novaPsychroflexus torquis

Psychroserpens 
burtonensisPyronemataceaePyruvatibacter mobilisPythium pleroticumQuercus lobataRalstonia solanacearumResinicium mutabileRhabditidaeRhabdolaimus aquaticus
Rhizidiomyces 
apophysatusRhizobiaceaeRhizobialesRhizobiumRhizobium undicolaRhizophagusRhizophagus clarus

Rhizophagus 
intraradicesRhizophlyctis roseaRhizophydium elyensis

Rhizophydium 
patellarium
Rhodobacter 
apigmentumRhodobacteraceaeRhodococcusRhodococcus gordoniae

Rhodonellum 
psychrophilumRhodopila globiformis

Rhodopseudomonas 
palustris

Rhodopseudomonas 
pseudopalustris

Rhodopseudomonas 
rhenobacensisRhodospirillaceaeRhodospirillales

Rhodovastum 
atsumienseRhogostoma schuessleriRichtersius coroniferRickenella fibula

root
Roseiflexus castenholziiRoseomonas cervicalisRothia mucilaginosa

Rubinisphaera 
brasiliensisRuminococcaceaeSaccharina japonica

Saccharomonospora 
azureaSaccharomycetaceaeSalinicoccus

Sandaracinobacter 
sibiricus
Sandaracinus 
amylolyticusSandona mutansSaprospiralesScenedesmaceaeSchizosaccharomycesScleroderma citrinumSclerodermatineae

Scotinosphaera 
gibberosaScytalidium lignicolaSegetibacter koreensisSelenaspora guernisaciiSilvimonas terraeSimkania negevensisSinomonas
Sistotrema 

oblongisporum
Sminthurinus 
bimaculatus

Sminthurus viridis
Solibacillus silvestris

Sorangiineae

Sorangium cellulosumSordarialesSordariomycetesSordariomycetidae
Sordariomycetidae 

incertae sedisSorogena stoianovitchaeSphaerobolus stellatus
Sphaerographium 

tenuirostrumSphaeropleales
Sphenoderia 

pseudominutaSphenoderiidaeSphingobacteriaceaeSphingobium qiguonii
Sphingobium 

subterraneumSphingomonadaceaeSphingomonadales
Sphingomonas 

aerophilaSphingomonas aquatilis
Sphingomonas 

morindaeSphingopyxisSpirillum winogradskyiSpirochaetaSpirochaeta aurantiaSpirotricheaSpongomonas minima
Spongospora 
subterraneaSporadotrichida
Sporolituus 

thermophilusSpumella danicaStaphylococcaceaeStaphylococcus
Staphylococcus 

epidermidisStarkeya koreensisSteinernema glaseriStenostomum leucopsStichococcus bacillarisStichotrichiaStramenopilesStreptacidiphilus
Streptacidiphilus 

jeojiense
Streptococcus 
parasanguinis
Streptococcus 
pneumoniaeStreptomycesStreptomyces demainiiStreptomycetaceaeStreptosporangiaceaeStreptosporangiales

Sutterella 
wadsworthensisSynchytrium

Syntrophaceticus 
schinkii

Syntrophobacter 
fumaroxidansSyntrophobacteraceae

Syntrophobotulus 
glycolicus

Syntrophorhabdus 
aromaticivorans

Syntrophus 
aciditrophicusTatlockia micdadeiTectocepheus 

sarekensis
Telaepolella tubasferensTelluria mixtaTepidisphaera mucosaTerrabacteria groupTerrisporobacter

Tetracladium 
marchalianumTetramitus rostratusTetrasphaera japonicaThauera chlorobenzoicaTheria

Thermacetogenium 
phaeumThermaerobacter

Thermithiobacillus 
tepidarius

Thermoactinomyces 
intermedius

Thermoanaerobaculum 
aquaticum

Thermocrispum agreste

Thermogemmatispora 
carboxidivoransThermostilla marina

Thiobacillus 
denitrificansThiotrichaceaeTissierellaceaeTrebouxiophyceaeTrechispora alnicolaTremellalesTremellomycetesTreponemaTrichodermaTrichodorusTrichodorus viruliferus
Trichophaea 
woolhopeiaTrinema lineareTuber borchiiTubifex ignotusTubificidaeTubificinaTumebacillus algifaecisTuricibacter sanguinisTychonemaTyphloplanidaeUmbelopsis ramannianaUrostyla grandisUrostylidaUstilaginaceaeVentosimonas gracilisVerticillium dahliaeVirgibacillusViridibacillus arviVolvariella gloiocephalaVulgatibacter incomptusWaddlia chondrophilaWallemia muriaeWatanabea reniformisWesterdykella dispersa

Wilsonema 
schuurmansstekhoveni

Wislouchiella 
planctonicaWoloszynskia pascheriXanthomonadaceaeXanthonema debileXylaria polymorphaZea mays



Resultaat

eDNA metabarcoding van bodems

Stikstofbindende 
bacteria Chemo-autotrofe 

bacteriën

Chemo-
heterotrofe 

bacteriën

Denitrificerende 
bacteriën

Nitrificerende 
bacteriën

Proteobacteria

Ectomycorrhiza 
(Basidio- en 

ascomyceten)

Arbusculaire 
mycorrhizas

Ascomyceten

Basidiomyceten

Overige schimmels

Amoebe

Flagelaten
Ciliaten

Overige 
eukaryoten

Nematode

Onbekend 
organisme

Primaire productie

Regenwormen
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Hof te Boekelo
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Soesloo

Alle bodemorganismen

eDNA metabarcoding van bodems



Soesloo

Schimmels

eDNA metabarcoding van bodems



Conclusies Soesloo

eDNA metabarcoding van bodems

Soesloo:

Regionale variatie groter dan lokale variatie;

Snelle kolonisatie?

Of snel herstel van bodembiologie?

Waarschijnlijk spelen specifieke groepen een rol. Onderzoek meer 

op detailniveau nodig;



Afbraak door schimmels vs bacteriën

eDNA metabarcoding van bodems



Schimmel populatie - Cortenoever

eDNA metabarcoding van bodems



Schimmel populatie - Havelterberg

eDNA metabarcoding van bodems



Praktisch

eDNA metabarcoding van bodems

Er gaat veel tijd overheen voordat verschraling resulteert in 

kruidenrijke vegetatie;

Alternatieve/ aanvullende beheermaatregelen denkbaar:

Bodemmateriaal enten

Specifieke bodemorganismen enten

Pathogenen van grassen



Bedankt!

eDNA metabarcoding van bodems


