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Welcome Note of the Conference Chair

Dear Colleagues
Soil microorganisms support with their metabolic activities soil ecosystem services,
which impact the quality of the air we breathe, the water we drink, and the food that
we eat. In an agricultural setting, microorganisms can have both beneficial and adverse
effects, and the balance between the good and the bad may strongly be affected by
environmental change.
Due to the complexity of soil microbial communities and heterogeneity of their habitats, there are typically no simple solutions of how to predict and control soil microbial
activities. However, the new quality of data obtained by high throughput, cost-effective
technologies opens perspectives for a systems-based understanding of soil ecology and
associated ecosystem services. This will pave our way to environmentally friendly and
efficient management options for agricultural production systems.
Analysing large datasets, which is a challenge by itself, should be followed by integrative approaches combining different levels of information gained from different omics
approaches, process analyses and imaging tools.
The 3rd Thünen Symposium on Soil Metagenomics, to which I cordially welcome you
here in Braunschweig, will present and discuss new developments in soil metagenomics,
transcriptomics, proteomics and metabolomics, with a focus on integrative approaches
and network analyses.
The symposium is associated, as in the preceeding occasions, with a workshop on Bioinformatic Tools, where the more practical perspective of analysing PCR-amplicons,
metagenomes, transcriptomes, proteomes will be presented and discussed along with
tools for integrating omics data to approach a systems-based understanding.
We hope you will enjoy the meeting.

Prof. Dr. Christoph C. Tebbe
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EDAR 2017
4th INTERNATIONAL SYMPOSIUM ON THE
ENVIRONMENTAL DIMENSION OF ANTIBIOTIC RESISTANCE

13–17 AUG 2017
LANSING, MICHIGAN l UNITED STATES

Michigan´s Capitol Building

www.antibiotic-resistance.de

General Information
Airport Shuttle (Hannover)
For your transportation from Hannover airport to Braunschweig we are cooperating
with a private shuttle company.
Airport Shuttle Hannover GmbH
Tel. 0049 511 / 89 88 06 - 0
Fax 0049 511 / 89 88 06 - 29
info@airport-shuttle.de
To book your trip online please visit our website
http://www.soil-metagenomics.org/travel-hotels/travel/ or send an Email directly to
the company.
Price One-way: 68 EUR per transfer (transfer time is one hour)
If more people are sharing the ride, the price will be split.
Please note that payment by credit card is only possible at their airport office. Please
inform the driver in advance.
Certificate of Attendance
Certificates of attendance will be available on the last day of the symposium at the
Check-In. Please make sure to pick up your certificate before 14:00 on Friday as the
Check-In will be closed afterwards.
Check-In
The Check-In desk can be found in the foyer of the Thünen forum.
Cloakroom
An unguarded cloakroom is located just outside the plenary hall and will be available
free of charge. The congress organization assumes no liability for items left or stolen.
Industrial Exhibition
A specialized industrial exhibition accompanies the symposium. The exhibitors are
looking forward to greeting you and to present their comprehensive range of innovative products. For a detailed layout of the exhibition plan see page 15.
Please note that our sponsors and exhibitors take essential credits for making our symposium possible.

14–16 December 2016 • Braunschweig, Germany I 7

General Information
Internet
Wireless Internet (WLAN) is available for all congress attendants. Log-in information
can be obtained at the Check-In desk.
Laptops with internet access can also be used free of charge at our Internet Lounge
located within the exhibition area.
Language
The language of the symposium is English.
Media Check-In
The Media Check-In can be found within the industrial exhibition. You will have the possibility to view and edit your presentation on-site. We strongly encourage you to load
your presentation well in advance of the session in which you are speaking, but at the
latest 30 min before your session starts.
If you are speaking in the first session of the day, we encourage you to load your presentation the evening before. Please use a USB flash drive not protected with software.
If your presentation includes additional files, such as a video file, please make sure that
these files work properly and are available for transfer.
Do not rely on having internet access available during your talk.
Name badge
Attendants and registered accompanying persons will receive a name badge at the
Check-In desk. Admittance to the congress and industrial exhibition is only allowed for
those with a name badge. Name badges should be worn at all times.
Opening Hours
Industrial Exhibition
Poster Exhibition
Check-In
Media Check-In

Wednesday
12:20–19:20
17:20–19:20
07:45–19:00
07:45–19:00

Thursday
10:45–19:20
17:20–19:20
08:30–19:00
08:30–19:00
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Friday
10:45–14:15
closed
08:45–14:15
08:45–14:15

General Information
Presentation Time
Please prepare your presentation for the allotted amount of time. Chairs are obliged to
interrupt you should you exceed your time limit. Time for presentations is assigned as
follows (presentation + discussion):
1. Keynote presentation
2. Regular presentation

25 + 5 minutes
10 + 5 minutes

Submitting Your Presentation/Technical Information
Please prepare your presentation in 4:3 aspect ratio.
A presentation notebook with a PDF reader and MS Office PowerPoint 2016 will be
provided. The use of personal notebooks is possible – a technical supervisor will help
you. Please provide an adapter for VGA if necessary.
A notebook, remote control and laser pointer are available at the speaker’s podium at
the lecture hall.
General Terms and Conditions
Please find our GTC at the conference homepage at www.soil-metagenomics.org.
Registration Fees
Workshop (14 & 16 December 2016)
Conference registration excluding conference dinner
Conference registration including conference dinner
Accompanying person conference dinner

45 EUR
335 EUR
365 EUR
50 EUR

Transportation to the Venue
Public Transportation
Braunschweig Central Station:
Taking bus line 461 or 411, exit at “Bundesallee”.
Vienna House:
At the bus stop “Staatliche Untersuchungsämter” please take bus line 411, heading to
“Lamme” until “Bundesallee”.
Hotel Deutsches Haus:
At the bus stop “Rathaus” take Bus line 560 or 411 until “Bundesallee”.
Frühlings-Hotel and Best Western City-Hotel Braunschweig:
At bus stop “Friedrich-Wilhelmplatz” take bus line 461 (heading to “Lamme” or “PTB”)
until “Bundesallee”.
From the bus stop “Bundesallee” the Thünen Forum is within 15 minutes walking distance.
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General Information
Daily Shuttle Service (from selected hotels to the Thünen Forum)
Please note that these are approximate departure times. Please be at your departure
point at least 5 minutes prior to the scheduled departure time.
Should you be staying at a different hotel from the below mentioned ones, you are
welcome to walk to your nearest departure point/hotel.
Wednesday, 14 December
Shuttle 1: Workshop participants
Departure time
Hotel
07:10
from Vienna House
07:15
from Frühlingshotel (via Best Western City Hotel)
07:20
from Deutsches Haus
07:20
from Best Western City Hotel
Shuttle 2: Opening of the symposium
Departure time
Hotel
11:30
from Vienna House (via Frühlingshotel)
11:35
from Best Western City Hotel
11:45
from Frühlingshotel
11:45
from Deutsches Haus
Return Shuttle from Thünen Forum
Departure time
Hotel
19:30
to Deutsches Haus/Christmas Market
to Frühlingshotel (via Best Western City Hotel)
to Vienna House
Thursday, 15 December
Departure time
07:55
07:55
08:00
08:00
Return Shuttle
Departure time
19:30

Hotel
from Frühlingshotel (via Best Western City Hotel)
from Vienna House
from Best Western City Hotel
from Deutsches Haus
Hotel
to old town hall „Dornse“ (social evening)
to Deutsches Haus/Christmas Market
to Vienna House (via Best Western City Hotel and
Frühlingshotel)
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General Information
Friday, 16 December
Departure time
07:55
07:55
08:00
08:00

Hotel
from Frühlingshotel (via Best Western City Hotel)
from Vienna House
from Best Western City Hotel
from Deutsches Haus

Return Shuttle 1: After lunch
Departure time		Hotel
14:15
to Vienna House (via central station “Hauptbahnhof”
Braunschweig)
to Frühlingshotel (via Deutsches Haus and
Best Western City Hotel)
Return Shuttle 2: Workshop participants
Departure time
Hotel
18:00
to Vienna House (via central station “Hauptbahnhof”
Braunschweig)
to Frühlingshotel (via Deutsches Haus and
Best Western City Hotel)
Please note: Due to the vicinity to the Christmas market the hotel Deutsches Haus is not
directly accessible by bus. Therefore the bus stops 200 meters away from the hotel. For
a detailed map, please look at our website!

14–16 December 2016 • Braunschweig, Germany I 11

General Information
City Map
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Christmas Market • Burgplatz
Frühlings-Hotel • Bankplatz 7
Best Western City Hotel-Braunschweig • Friedrich-Wilhelm-Straße 26
Deutsches Haus • Ruhfäuchtenplatz 1
Vienna House • Salzdahlnumer Straße 137
Old townhall “Dornse” • Altstadtmarkt 7
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Zertifizierte Qualitäts-Produkte für
Anwendungen in der PCR,
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Forschung

Bei Fragen wenden Sie sich bitte
an unseren Produktberater:
Reinhard Bollmann
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Social Program
Conference Dinner
We are pleased to welcome our participants to join our exclusive conference dinner
and party on Thursday. The location for this special occasion will be the historic town
hall „Dornse“, which is one of the oldest, preserved town halls in Germany. Its oldest
parts date back as far as to the 13th century. Together with the church “Martinikirche”,
it forms the impressive west side of the old town market.
We would especially like to encourage our young scientists to approach the more experienced generation during our conference dinner, to network and enjoy this great
Soil Metagenomics community.
Date
Time
Transfer

Catering
Music

Thursday, 15 December
20:00–24:00
A shuttle will pick you up outside of the Thünen Forum and take
you directly to the “Dornse”.
A return shuttle will not be provided, but please note that most
of the hotels are within walking distance (except Vienna House
hotel). Please see map on page 12.
Buffet and drinks are included.
DJ “Alex” will provide music to relax, enjoy and dance, though the
antique windows and central location impose a limitation to the
volume of the music.

© Stadt Braunschweig/Photo: Daniela Nielsen
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Workshop Program • Wednesday, 14 December
08:30–12:20
Chairs

Workshop I
Analyses of Metagenomes
Anja Dohrmann, Márton Szoboszlay (Braunschweig/DE)

Welcome
Anja Dohrmann (Braunschweig/DE)
	Márton Szoboszlay (Braunschweig/DE)

08:30

Processing amplicon sequence data for the analysis of microbial
communities
	Martin Hartmann (Birmensdorf/CH)
08:40

10:20–10:40

Coffee break

10:40

MG-RAST — the new version
Folker Meyer (Argonne, IL/US)

12:20–13:00

Industrial exhibiton and lunch break
(catering for Workshop participants only)

13:00–13:45

Opening of the Symposium

13:00

Welcome 1
Christoph C. Tebbe (Braunschweig/DE)
Conference Chair

13:07

Welcome 2
Folkhard Isermeyer (Braunschweig/DE)
President of the Thünen Institute

13:15
KN01

Deciphering soil microbiomes using metagenomics
Janet Jansson (Richland, WA/US)

13:45–15:15
Chair

Dealing with huge datasets
Folker Meyer (Argonne, IL/US)

13:45
KN02

Critical Assessment of Metagenome Interpretation
Alice Mc Hardy (Braunschweig/DE)

14:15
KN03

Statistical challenges in the analysis of metagenomic gene count
data
Erik Kristiansson (Gothenburg/SE)
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Scientific Program • Wednesday, 14 December
14:45
Microbial dark matter in Amazonian soils
OR01	Marie Kroeger (Amherst, MA/US)
ATLAS (Automatic Tool for Local Assembly Structures) a
comprehensive infrastructure for assembly, annotation, genomic
binning of metagenomic and metatranscriptomic data with an
in tegrated framework for MultiOmics
	Richard Allen White (Richland, WA/US)
15:00
OR02

15:15–15:35

Industrial exhibition and coffee break

15:35–17:20
Chair

From Omics to Systems Ecology – Integrative Approaches
Folker Meyer (Argonne, IL/US)

15:35
KN04

Analysis and integration of disparate data types from complex
soil systems
Lee Ann McCue (Richland, WA/US)

16:05
KN05

From integrated omics to microbial systems ecology
Paul Wilmes (Esch-sur-Alzette/LU)

16:35
Towards intelligence in the metagenome and amplicon sequencing:
OR03
epicPCR and µRIP
	Marja Tiirola (Jyväskylä/FI)
16:50
KN06

Illuminating microbial dark matter by single cell genomics:
the quest for atmospheric methane oxidizers in Marburg
forest soil
Anne-Kristin Kaster (Braunschweig/DE)

17:20–19:20
Poster Session l with snacks and drinks
Location	Room Präsidiumssaal and basement		
Topics

Dealing with huge datasets
Forest microbiomes
From omics to systems ecology		
Functional diversity
Omics for biotechnology
Spatial ecology
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see page 25

Scientific Program • Thursday, 15 December
09:00–10:45
Chair

Spatial Ecology & Functional Diversity I
Jim Tiedje (East Lansing, MI/US)

09:00
KN07

Long read sequencing reveals a new dimension to diversity:
character genes dominate genomic diversity in Spartobacteria in
the environment
Folker Meyer (Argonne, IL/US)

09:30
KN08

Challenging a paradigm: Methanogenesis in soils, it is not as deep
as you thought
Kelly Wrighton (Columbus, OH/US)

10:00
OR04

Functional redundancy, scavengers and cheaters are drivers of
community assembly in a benzene-degrading microbial consortium isolated from soil
Ulisses Nunes da Rocha (Amsterdam/NL)

10:15
KN09

Ecological insights from single-cell genomics of soil archaea
Cecile Gubry-Rangin (Aberdeen/GB)

10:45–11:10

Industrial exhibition and coffee break

11:10–13:10
Spatial Ecology & Functional Diversity II
Chair	Michael Schloter (Oberschleißheim/DE)
11:10
KN10

Putting the soil into soil metagenomics
Jim Prosser (Aberdeen/GB)

11:40
KN11

Targeting soil metagenomics to the taxa and functions that matter
Josh D. Neufeld (Ontario/CA)

12:10
OR05

Transcriptome-SIP of a hypoxic pollutant-degrading aquifer
microbiome
Tillmann Lueders (Neuherberg/DE)

12:25
Peat Acidobacteria encode the complete enzymatic machinery for
OR06
dissimilatory sulfate reduction
	Michael Pester (Konstanz/DE)
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Scientific Program • Thursday, 15 December
12:40
OR07

Linking metatranscriptomics to the kinetics of denitrification
intermediates reveals causes of nitrous oxide emissions and
nitrite accumulation in soil
Natalie Lim (Aas/NO)

12:55
OR08

Tree species select soil fungal communities harbouring different
sets of lignocellulolytic enzyme-encoding genes
Patricia Luis (Villeurbanne/FR)

13:10–14:00

Industrial exhibition and lunch break

14:00–15:45
Chair

Plant microbiomes
Jan Dirk van Elsas (Groningen/NL)

14:00
KN12

Omics of the Rhizosphere
Jim Tiedje (East Lansing, MI/US)

14:30
KN13

Structure and function of plant root microbiota under
phosphorus-limiting conditions
Stijn Spaepen (Cologne/DE)

15:00
OR09

Anthropogenic impacts on soil microbiome – agricultural practices
Dror Minz (Rishon Lezion/IL)

15:15
OR10

Endophytic colonization from roots to seeds: ecology and how
plants can benefit
Angela Sessitsch (Tulln/AT)

Are fungal diversity and associated functions differentially
regulated by host tree phenology and other environmental
parameters?
	Marc Buée (Champenoux/FR)

15:30
OR11

15:45–16:05

Industrial exhibition and coffee break
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Scientific Program • Thursday, 15 December
16:05–17:20
Chair

Forest microbiomes
Janet Jansson (Richland, WA/US)

16:05
A decade of irrigation transforms the soil microbiome of a
KN14
water-limited pine forest
	Martin Hartmann (Birmensdorf/CH)
16:35
OR12

Changes in soil biodiversity and ecosystem function in a
chronosequence of long-term experimental forest soil warming
experiments revealed by community RNA
Jeffrey Blanchard (Amherst, MA/US)

16:50
KN15

Tracing the activity of microbes in forest soils – from communities
to individual taxa
Petr Baldrian (Prague/CZ)

17:20–19:20
Poster Session ll with snacks and drinks
Location	Room Präsidiumssaal and basement
Topics

Climate change & other stressors
Plant microbiomes & agricultural soils
Single cell genomics

20:00–00:00
Location

Conference Dinner
Old town hall „Dornse“

see page 33

see page 16
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Scientific Program • Friday, 16 December
09:00–11:50
Chair

Climate Change and Other Stressors
Petr Baldrian (Prague/CZ)

09:00
KN16

Response of arctic permafrost soil microbiomes to elevated
temperature
Tim Urich (Greifswald/DE)

09:30
KN17

Distributions of soil bacteria lag up to 50 years behind climate
change – ramifications for the present and the future
Joshua Ladau (San Francisco, CA/US)

10:00
OR13

Distinct microbial communities associated with cryoturbated
organic matter in the Arctic permafrost soils
Jiri Barta (Ceske Budejovice/CZ)

10:15
Fire alters the phylogenetic structure of soil bacterial
OR14
co-occurrence networks
	Marta Goberna (Moncada/ES)
10:30
OR15

Effect of long-term overuse of nitrogen fertilizer on soil microbial
community revealed by metagenomic sequencing
Binbin Liu (Shijiazhuang/CN)

10:45–11:05

Industrial exhibition and coffee break

11:05
KN18

Adaptation of soil bacteria to stress revealed by a combined
meta-transcriptomic and meta-mobilomic approach
Søren Sørensen (København/NL)

11:35
OR16

100 years of copper contamination impact the soil
microeukaryotic community
Susana Santos (Roskilde/NL)

11:50–12:50
Chair

From Systems Ecology to Biotechnology
Kornelia Smalla (Braunschweig/DE)

11:50
KN19

Bridging plant microbiomes and biotechnology by multi omics
Gabriele Berg (Graz/AT)

12:20
OR17

Functional diversity and mining of genes from soil metagenomes:
case study with ring hydroxylating dioxygenases
Ondrej Uhlik (Prague/CZ)
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Scientific Program • Friday, 16 December
12:35
OR18

Discovery of Biocatalysts through Functional (Meta)Proteomics
Premankur Sukul (Bochum/DE)

12:50–13:45
Chair

What’s next? Soil biology and Omics technologies
Christoph C. Tebbe (Braunschweig/DE)

12:50
OR19

Life in competition in soil metaorganisms: low number of winners
Evegenia Blagodatskaya (Göttingen/DE, Pushchino/RU)

13:05
OR20

Lessons from sponge metagenomics – How to dissect passive food
from active symbionts?
Jan Dirk van Elsas (Groningen/NL)

13:20
Back to the roots – Dynamics of the barley associated microbiome
OR21
in time and space
	Michael Schloter (Oberschleißheim/DE)
13:35

Open Discussion, Farewell and Announcements
Christoph C. Tebbe (Braunschweig/DE)

13:45

End of the Symposium

13:45–14:15

Industrial exhibition and lunch break

Workshop II
Beyond Metagenomes
Chair	Martin Hartmann (Birmensdorf/CH)
14:15–18:00

14:15

Integration of meta-omics data: approaches and application
Paul Wilmes (Esch-sur-Alzette/LU)

15:30–15:45

Coffee break

15:45

Introduction to soil metatranscriptomics
Tim Urich (Greifswald/DE)

16:45

Metaproteomic approaches in microbial ecology – data acquisition
and analyses
Katharina Riedel (Greifswald/DE)

18:00

End of the Workshop
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Poster Presentations
The poster sessions are scheduled on Wednesday, 14 December from 17:20–19:20 and
on Thursday, 15 December from 17:20–19:20.
The following poster topics will be presented within these sessions:
Poster Session I • Wednesday, 14 December • 17:20–19:20
Dealing with huge datasets
Forest microbiomes
From omics to systems ecology
Functional diversity
Omics for biotechnology
Spatial ecology

P01–04
P05–P16
P17–P23
P24–P49
P50–P56
P57–P62

see page 25 ff.
see page 25 ff.
see page 27 ff.
see page 28 ff.
see page 31 ff.
see page 32 ff.

Poster Session II • Thursday, 15 December • 17:20–19:20
Climate change & other stressors
Plant microbiomes & agricultural soils
Single cell genomics

P63–P76
P77–P118
P119

see page 33 ff.
see page 34 ff.
see page 40 ff.

Display and Removal of Posters
Please note that all posters will be on display during the entire conference. You can hang
your posters on Wednesday, starting at 12:20, but please remove them by Thursday,
19:30 (after the last poster session). All posters that have not been removed by that
time will be discarded.
The poster sessions will take place in the basement and the room “Präsidiumssaal” at
the Forum. Please follow the signs on-site!
Poster Prizes
The three best posters will be rewarded.
Two awards are sponsored by Elsevier

One award is sponsored by FEMS
The poster awards will be presented in the final session of the symposium on Friday,
starting at 12:50.
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Poster Presentations • Wednesday, 14 December • 17:20–19:20
Dealing with huge datasets
P01
AmQuery – create fast databases of amplicon libraries. AmQuery allows users to compare
hundreds of samples in a matter of minutes and to maintain databases with seamless
sample insertion and search. It is heavily optimized for large datasets and was developed
to match UniFrac results without the hassle of OTU-picking and tree-construction.
Ilia Korvigo, Nikolay Romaschenko, Evgeny Andronov (St. Peterburg/RU)
P02
Describing the Core Root-Associated Microbiomes of Maize and Soybean: structure and
function of root-associated microbiomes in corn and soy as revealed by comparative
metagenomics
Toby Richardson (San Diego, CA/US), Ryan Williams (St Louis, MO/US), Ariel Schwarz
Leah Soriaga (San Diego, CA/US), Janne Kerovuo, Matthew Dimmic (St Louis, MO/US)
P03
Poking around in microbial dark matter
John Vollmers (Braunschweig/DE), Jennifer Pratscher (Norwich/GB), Martinique Frenhup
Anne-Kristin Kaster (Braunschweig/DE)
P04
SEED v2.0 – an improved GUI based user friendly sequence editor and pipeline for
high-throughput amplicon data
Tomas Vetrovsky, Petr Baldrian (Prague/CZ)
Forest microbiomes
P05
Taxonomic and functional shifts of beech rhizosphere microbiome along a natural soil
toposequence
Stephane Uroz, Yannick Colin, Océane Nicolitch, Marie-Pierre Turpault (Champenoux/FR)
Joy van Nostrand, Jizhong Zhou (Norman, OK/US)
P06
Dead fungal mycelium in forest soil represents decomposition hotspot and a habitat for
a specific microbial community
Vendula Brabcová, Monika Nováková, Anna Davidová, Petr Baldrian (Prague/CZ)
P07
Short-term effects of minerals on the structure and weathering potential of soil
bacterial communities under different tree stands
Yannick Colin, Océane Nicolitch, Marie-Pierre Turpault, Stéphane Uroz (Champenoux/FR)
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P08
Biogeographical patterns of root and soil fungal communities in temperate forest soils
Kezia Goldmann, Kristina Schröter, Rodica Pena, Ingo Schöning, Marion Schrumpf
François Buscot, Andrea Polle, Tesfaye Wubet (Halle (Saale)/DE)
P09
On the assembly of endophytic fungi to litter decomposing communities
Derek Persoh, Marco Guerreiro, Dominik Begerow (Bochum/DE)
P10
The role of soil microbial communities in plant community dynamics
Jose Antonio Morillo (Almeria/ES), Cecilia Dalotto, Tánia T. Castellani
Nivaldo Peroni (Florianópolis/BR), Francisco I. Pugnaire (Almeria/ES)
P11
Microbial diversity and corresponding enzyme activity patterns in decaying wood of 13
temperate tree species
Sabrina Leonhardt (Zittau/DE), Elisa Stengel, Julia Moll, François Buscot (Halle (Saale)/DE)
Martin Hofrichter (Zittau/DE), Björn Hoppe (Halle (Saale), Braunschweig/DE)
Harald Kellner (Zittau/DE)
P12
The effects of thinning on the decay rate of coarse woody debris and succession of
deadwood-inhabiting microbes
Yu Ting Wu (Pintung/TW)
P13
Shifts in soil microbial communities following forest harvest in the Pacific Northwest
David Myrold (Corvallis, OR/US), Rachel Danielson (Davis, CA/US)
Scott Holub (Springfield, OR/US)
P14
Soil fungal assemblages in Chilean temperate rainforests – effects of geological history,
mycorrhizal dominance and altitude on taxonomical, functional and phylogenetic diversity
César Marín, Roberto Godoy (Valdivia/CL), Jens Boy (Hannover/DE), Maarja Öpik (Tartu/EE)
P15
Community assembly of ectomycorrhizal fungi in fragmented landscapes
Margaux Boeraeve, Olivier Honnay, Hans Jacquemyn (Leuven/BE)
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P16
Changes in soil biodiversity and ecosystem function in a chronosequence of long-term
experimental forest soil warming experiments revealed by community RNA
William Rodriguez, Lauren Alteio, Andrew Billings (Amherst, MA/US)
Linda van Diepen (Laramie, WY/US), Kristen DeAngelis (Amherst, MA/US)
Serita Frey (Durham, NC/US), Jerry Melillo (Woods Hole, MA/US)
Jeffrey Blanchard (Amherst, MA/US)
From omics to systems ecology
P17
Resilience in soil active microbial community treated with organic fertilizers and
nitrification inhibitors
Afnan Khalil Ahmad Suleiman (Wageningen/NL), Rogério Gonzatto
Celso Aita (Santa Maria/BR), Luiz Fernando Wurdig Roesch (São Gabriel/BR)
Rodrigo Jacques, Zaida Antoniolli (Santa Maria/BR), Eiko Eurya Kuramae (Wageningen/NL)
P18
Insights into bulk soil processes in wettable and repellent grasslands using complementary
proteomic approaches
Geertje van Keulen, Gerry Quinn, Kat Sinclair (Swansea/GB), Martin Swain (Aberystwyth/GB)
Ed Dudley, Stefan Doerr (Swansea/GB), Ingrid Hallin (Plymouth/GB)
Tom Delmont (Chicago, IL/US), Lewis Francis, Andrea Gazze (Swansea/GB)
Richard Whalley (Harpenden/GB), Peter Matthews (Plymouth/GB)
P19
Comparative genomic analysis of novel Acinetobacter symbionts – a combined systems
biology and genomics approach
Vipin Gupta (Delhi/IN)
P20
The soil microbial loop revisited with metatranscriptomics – predatory myxobacteria as
keystone taxon?
Sebastian Petters, Tim Urich (Greifswald/DE)
P21
Identification of microbial populations driving biopolymer degradation in acidic peatlands
by metatranscriptomic analysis
Anastasia Ivanova (Moscow/RU), Carl-Eric Wegner (Jena/DE), Yongkyu Kim (Heidelberg/DE)
Werner Liesack (Marburg/DE), Svetlana Dedysh (Moscow/DE)
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P22
New insights in nZVI impact on soil microbial biodiversity and functionality – high-throughput
metagenomic approach
Carmen Fajardo, Jesus Garcia-Cantalejo, Pedro Botias, Gonzalo Costa, Mar Nande
Margarita Martin (Madrid/ES)
P23
Molecular tools to assess nanomaterials-associated environmental risk – structural and
functional biomarkers
Gonzalo Costa, Carmen Fajardo, Sebastian Sanchez-Fortun, Mar Nande
Margarita Martin (Madrid/ES)
Functional diversity
P24
Searching the ecological niche of electroactive microorganisms
Christin Koch, Falk Harnisch (Leipzig/DE)
P25
Effect of long-term industrial metals pollution on soil microbial community compositions
in archived soils
Alyaa Abdelhameed, Matthew Hitchings (Swansea/GB)
Barry Rawlins (Keyworth/GB), Ricardo Del Sol, Geertje Van Keulen (Swansea/GB)
P26
The life beneath the soil perturbed with chronic industrial activities
Neelam Devpura, Kunal Jain (Vallabh Vidyanagar, Anand/IN), C. G. Joshi (Anand/IN)
Datta Madamwar (Vallabh Vidyanagar, Anand/IN)
P27
Molecular insights into species interactions of microbial methane-consuming communities of lake sediments
Sascha Krause, Timothy Johnson, Yasodara Samadhi Karunaratne, Yanfen Fu
David A.C. Beck, Ludmila Chistoserdova, Mary E. Lidstrom (Seattle, WA/US)
P28
Functional gene markers in the study of arsenic-metabolizing microbialcommunities in
peatlands treating mine wastewaters
Katharina Palmer, Anna-Kaisa Ronkanen (Oulu/FI), Anu Mikkonen, Marja Tiirola (Jyväskylä/FI)
P29
Culture-independent diversity analysis of photosynthetic eukaryotic microorganisms in
Antarctic soils
Nataliya Rybalka, Angela Noll, Christian Roos (Göttingen/DE), Jens Boy (Hannover/DE)
Roberto Godoy (Valdivia/CL), Thomas Friedl (Göttingen/DE)
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P30
Tracking down bioactive molecules in metagenomes
Melanie-Maria Obermeier, Christina Andrea Müller, Gabriele Berg (Graz/AT)
P31
The active microbial diversity drives ecosystem multifunctionality and is physiologically
related to carbon-availability in Mediterranean semiarid soils
Felipe Bastida, Irene F. Torres, José L. Moreno (Murcia/ES), Petr Baldrian (Praha/CZ)
Sara Ondoño, Antonio Ruiz-Navarro, Teresa Hernández (Murcia/ES), Hans H. Richnow
Robert Starke (Leipzig/DE), Carlos García (Murcia/ES), Nico Jehmlich (Leipzig/DE)
P32
HirBin – a novel method for detailed functional annotation and identification of
differentially abundant functions in metagenomes
Tobias Österlund, Viktor Jonsson, Erik Kristiansson (Göteborg/SE)
P33
Metagenomic analysis of pond sediment to comprehend complex microbial interactions
Vivek Negi, Nitish Kumar Mahato, Rup Lal (Delhi/IN)
P34
Metagenomic analyses uncovering temperature constrained community and functional
diversity of an Indian hot water spring
Nitish Kumar Mahato, Anukriti Sharma, Rup Lal (Delhi/IN)
P35
Overlooked but pivotal prokaryotic drivers involved in reductive nitrogen transformations
in paddy soils, captured by metatranscriptomics
Yoko Masuda (Tokyo/JP), Hideomi Itoh (Sapporo/JP), Yutaka Shiratori (Nagaoka/JP)
Kazuo Isobe, Shigeto Otsuka, Keishi Senoo (Tokyo/JP)
P36
Insights into functional diversity of hypersaline soils
Blanca Vera-Gargallo, Cristina Sánchez-Porro, Antonio Ventosa (Sevilla/ES)
P37
Pesticide degradation function - sensitivity to soil microbial erosion
Irene Bramke (Bracknell/GB), Jessica Princivalle, Liz Shaw (Reading/GB)
P38
Unraveling the ecological roles of Acidobacteria GP-1 by network analysis
Ohana Costa (Wageningen/NL), Karoline Faust (Leuven/BE), Jos Raaijmakers
Eiko Kuramae (Wageningen/NL)
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P39
Functional characterization of aromatic ring hydroxylating dioxygenases mined from
metagenome originating in PCB-contaminated soil
Jachym Suman, Jan Capek, Jiri Wald, Ondrej Uhlik (Prague/CZ)
P40
Constraints on in situ biodegradation of chlorophenols are not genetic but environmental
Anu Mikkonen (Jyväskylä, Lahti/FI), Lara Ambrosio Leal Dutra, Pauliina Salmi (Jyväskylä/FI)
Kati Yläranta, Aki Sinkkonen, Martin Romantschuk (Lahti/FI), Marja Tiirola (Jyväskylä/FI)
P41
How bacterial and fungal gene expression patterns are influenced during interaction on
wood substrate?
Sophie Mieszkin, Laure Fauchery, Eric Gelhaye, Marc Buee (Champenoux/FR)
P42
Correction of frameshifts in high-throughput amplicon sequencing of functional genes
Michal Strejcek (Prague/CZ), Qiong Wang (Wilmington, NC/US), Tomas Macek
Ondrej Uhlik (Prague/CZ)
P43
Soil microbiota of Amazonian soils under a methane atmosphere
Fernanda Mancini Nakamura, Júlia Brandão Gontijo, Siu Mui Tsai (Piracicaba/BR)
P44
Previously undetectable denitrifying bacterial groups in acidic and neutral pH soils
revealed by metagenomics and -transcriptomics analyses
Asa Frostegard, Natalie YN Lim, Lars R Bakken (Aas/NO), James P Shapleigh (Ithaca, NY/US)
P45
Detection of methanogenic and methanotrophic microorganisms in wetlands of eastern
amazon
Júlia Brandão Gontijo, Andressa Monteiro Venturini, Fernanda Mancini Nakamura
Jéssica Adriele Mandro, Siu Mui Tsai (Piracicaba/BR)
P46
Investigating the effect of elevated nutrient availability on the potential N2-fixing
communities in grassland soils across four continents
Maximilian Nepel, Roey Angel (Vienna/AT), Noah Fierer (Boulder, Co/US)
Dagmar Woebken (Vienna/AT)
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P47
Effect of moisture in forest-to-pasture conversion on the microbial methane cycle
Andressa Monteiro Venturini, Júlia Brandão Gontijo, Caio Augusto Yoshiura
Aline Giovana da França, Siu Mui Tsai (Piracicaba/BR)
P48
Assessing compost tea microbiology in providing pathogen-suppressive microbial
communities to agricultural soils
Jule Dubé-Smith (Winnipeg/CA)
P49
withdrawn
Omics for biotechnology
P50
Functional metagenomics from the moss microbiome
Christina Andrea Müller, Stephanie Nadine Hollauf, Christoph Provasnek
Gabriele Berg (Graz/AT)
P51
Solution hybrid selection capture to study the sequence and functional diversity of genes
expressed by complex microbial communities
Martino Adamo (Torino, Villeurbanne/IT), Patricia Luis, Laurent Vallon (Villeurbanne/FR)
Claudia Bragalini (Torino, Villeurbanne/IT), Pierre Peyret
Eric Peyretaillade (Clermont-Ferrand/FR), Harald Kellner, Martin Hofrichter (Zittau/DE)
Mariangela Girlanda (Torino/IT), Roland Marmeisse (Villeurbanne/FR)
P52
A fast performing amplicon metagenomics pipeline
Ovidiu Rücker, Alexandra Dangel, Stefan Kotschote (Martinsried/DE)
P53
Aerobic cometabolism of cis-1,2-dichloroethylene (cDCE) promoted by selected plant
secondary metabolites-enriched cultures
Serena Fraraccio, Michal Strejcek (Prague/CZ), Iva Dolinova (Liberec/CZ), Tomas Macek
Ondrej Uhlik (Prague/CZ)
P54
“LPMO and glucuronoyl esterase machinery of six microbial consortia selected on wheat
straw, switchgrass and corn stover – target metagenomic approach”
Larisa Cortes-Tolalpa, Maryam Chain de Mares, Maria Julia de Lima Brossi
Diego Javier Jiménez, Joana Falcao Salles, Jan Dirk van Elsas (Groningen/NL)
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P55
Development of nanofiber biomass carrier for effective sampling – differences in microbial
community on carries and groundwater
Jan Dolina, Iva Dolinová, Roman Špánek, Lukáš Dvořák (Liberec/CZ)
P56
Modification of TRACA to capture catabolic plasmids from rhizosphere and
bioremediation systems
Inés Aguilar, Jesús de la Torre, Silvia Blanco, Pieter van Dillewijn (Granada/ES)
Spatial ecology
P57
Prokaryotic communities in soil horizons of different genesis – structure and diversity
Timofey Chernov, Azida Tkhakakhova, Alena Zhelezova, Olga Kutovaya (Moscow/RU)
P58
Spatial pattern of soil microbiome in a mixed, uneven and highly polluted site, and
assessment of rhizoremediation potential
Francesca Mapelli, Lorenzo Vergani, Sara Borin (Milan/IT)
P59
Spatial distribution of archaeal and bacterial taxons across a soil catena
Mikhail Semenov (Moscow/RU)
P60
Most soil bacteria show environmentally stable preferences for specific particle size
fractions
Christoph C. Tebbe, Michael Hemkemeyer, Anja Dohrmann (Braunschweig/DE)
Bent T. Christensen (Tjele/DK)
P61
Some like it cold, some like it colder – strong regionality in the diazotrophic
bacterial communities of arcto-alpine pioneer plants
Manoj Kumar (Jyväskylä, Groningen/FI), Günther Brader, Angela Sessitsch (Graz/AT)
Jan Dirk van Elsas (Groningen/NL), Riitta Nissinen (Jyväskylä/FI)
P62
Temporal dynamics in microbial soil communities at anthrax carcass sites
Karoline Valseth (Oslo, Kjeller/NO), Camilla L. Nesbø (Oslo, Edmonton, Alberta/NO)
W. Ryan Easterday (Oslo/NO), Wendy C. Turner (Albany, NY/US), Jaran S. Olsen (Kjeller/NO)
Nils Chr. Stenseth, Thomas H. A. Haverkamp (Oslo/NO)
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Climate change & other stressors
P63
Soil microbial biomass is modulated by external 14C in rhizosphere soil under drought
condition
Ahmad Khan (Peshawar, Göttingen/PK), Yakov Kuzyakov (Göttingen/DE)
P64
Metagenomic analysis of nitrogen cycling potential in natural and drained tropical
peatlands of French Guiana
Mikk Espenberg, Jaak Truu, Marika Truu, Kuno Kasak, Teele Ligi, Kristjan Oopkaup
Martin Maddison, Ülo Mander (Tartu/EE)
P65
Soil microbial responses to drought and rainfall events
Annelein Meisner (Lund, Copenhagen/SE)
P66
Response of Paddy Soil Microbial Communities to Drainage
Rehab Abdallah, Carl-Eric Wegner, Werner Liesack (Marburg/DE)
P67
Antarctic prokaryotic communities: soil genesis processes and the anthropogenic impact
Elizaveta Pershina (Saint-Petersburg/RU), Ekaterina Ivanova (Saint-Petersburg, Moscow/RU)
Evgeny Abacumov, Evgeny Andronov (Saint-Petersburg/RU)
P68
Prokaryotic community of hypersaline soils from Odiel saltmarshes unveiled through
metagenomics
Blanca Vera-Gargallo, Cristina Sánchez-Porro, Antonio Ventosa (Sevilla/ES)
P69
Carbon, water availability and abundance of microbial groups are key determinants of
nitrous oxide emission from soil in a sustainable bioenergy crop
Késia Silva Lourenço (Wageningen, Campinas/NL), Heitor Cantarella (Campinas/BR)
Mauricio Dimitrov, Agata Pijl (Wageningen/NL), Johnny Soares (Campinas/BR)
Johannes A. van Veen (Wageningen, Leiden/BR), Eiko E. Kuramae (Wageningen/NL)
P70
Total RNA sequencing and assembly potential in microbial community ecology
Adam Stovicek, Osnat Gillor (Midreshet Ben Gurion/IL)
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P71
Abundance and diversity of functional genes involved in nitrogen mineralisation from
differently managed soils under projected future drought scenarios
Martina Lori, Sarah Symanczik, Paul Mäder, Andreas Gattinger (Frick/CH)
P72
Effect of simulated warming on soil N and P cycling and microbial community composition and functioning in a mountain grassland ecosystem
Michal Choma, Jiří Bárta, Petr Čapek, Eva Kaštovská, Jiří Kopáček
Hana Šantrůčková (Ceske Budejovice/CZ)
P73
Microbial abundance associated with mitigation of N2O in conservation land under
soybean cultivation
Beatriz Maria Ferrari (Piracicaba/BR), Clovis Daniel Borges (Campinas/BR)
Henrique Debiasi, Julio Cesar Franchini (Londrina/BR), Tsai Siu Mui (Piracicaba/BR)
P74
Elevated atmospheric CO2 alters functional and phylogenetic diversity of potential fungal
N2O-producers under a permanent grassland
Corinna Maisinger, Stefan Ratering, Massimiliano Cardinale (Giessen/DE)
Christoph Müller (Giessen/DE; Dublin/IE), Sylvia Schnell (Giessen/DE)
P75
Effect of repeated freeze-thaw cycles on soil organic carbon and microbial response in
Arctic tundra soil
Yoonmi Ji, Hee-Myong Ro (Seoul/KR)
P76
Metatranscriptomic and metagenomic analysis of biological soil crust communities from
polar regions
Martin Rippin, N. Borchhardt, L. Williams, B. Büdel, U. Karsten, B. Becker (Cologne/DE)
Plant microbiomes & agricultural soils
P77
Ecologically intensive agriculture reduces bacterial communities simplification induced
by intensive agriculture use
Abdelrahman Alahmad, Jérôme Duclercq, Frederic Dubois (Amiens/FR)
Ahmad Kobaissi (Beirut/LB), Thierry Tetu, Guillaume Decocq (Amiens/FR)
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P78
Strong and weak co-evolutionary interactions shaping microbiome in the plant-soil
ecosystems
Evgeny Andronov, Anna Igolkina, Ekaterina Ivanova, Elizabeth Pershina, Yury Porozov
Alexey Zverev, Nikolay Provorov (St. Petersburg/RU)
P79
Meta-analysis of microbiomes in soils affected by Apple Replant Disease
Lidia Nicola (San Michele all’Adige, Innsbruck/IT), Heribert Insam (Innsbruck/AT)
Ilaria Pertot (San Michele all’Adige/IT), Blaz Stres (Ljubljana/SI)
P80
Interplay between plant-beneficial and plant pathogenic microorganisms in agricultural
soils cropped with winter wheat
Francesca Dennert, Klaus Schlaeppi (Zurich/CH), Marie Fesselet, Fabio Mascher (Nyon/CH)
Ursula Oggenfuss (Zurich/CH), Theo H. M. Smits (Wädenswil/CH)
Nicola Imperiali (Lausanne/CH), Marcel G. A. van der Heijden, Jean-Claude Walser (Zurich/CH)
Christoph Keel (Lausanne/CH), Monika Maurhofer (Zurich/CH)
P81
Metagenomics Studies of an Aviation Fuel-Contaminated Soil in the Niger Delta Region, Nigeria
Ime Udotong, Mfoniso Uko, Justina Udotong (Uyo, Akwa Ibom State/NG)
P82
The tale of a neglected energy source for soil microbial communities Uneven taxonomic
response paralleled with a coordinated alteration of microbial functions in soils exposed to H2
Sarah Piché-Choquette, Mondher Khdhiri (Laval/CA), Julien Tremblay (Montreal/CA)
Susannah G. Tringe (Walnut Creek, CA/US), Philippe Constant (Laval/CA)
P83
Metagenomic characterization of rhizosphere effect in the cultivation of cereals in the
black and sod-podzolic soil
Aleksei Zverev, Elizaveta Pershina, Andronov Evgeniy (St. Petersburg/RU)
P84
Linking the microbiome to plant metabotype and high-value phytochemicals
Martina Köberl (Graz/AT; Richland, WA/US), Richard A. White
Albert Rivas-Ubach (Richland, WA/US), Ruth Schmidt (Graz/AT; Wageningen/NL)
Tarek F. El-Arabi (Cairo/EG), Rudolf Bauer (Graz/AT), Janet K. Jansson
Christer Jansson (Richland, WA/US), Gabriele Berg (Graz/AT)
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P85
Fungal communities in soil and on roots of winter wheat – effects of tillage system and
preceding crop
Hanna Friberg, Paula Persson, Dan Funck Jensen, Göran Bergkvist (Uppsala/SE)
P86
Tomato Rhiz’OMICs
Elisa Korenblum (Rehovot/IL)
P87
Monitoring of a fungal strain used in biological control of pest insects and its effects on soil
microbial communities
Johanna Mayerhofer, Sonja Eckard, Martin Hartmann, Adrian Leuchtmann
Franco Widmer, Giselher Grabenweger, Jürg Enkerli (Zurich/CH)
P88
Silicate solubilizing rice root bacteria reduce arsenic uptake into rice plants
Marie Markantonis, Olga Bassetti, Sarah Zecchin, Milena Colombo, Giorgio Lucchini
Anna Corsini, Roberto Oberti, Lucia Cavalca (Milan/IT)
P89
History matters – time of exposure to combinations of N, P and K fertilizers influence
the effects on soil bacterial community diversity, structure and functioning
Inês Nunes (Bagsvaerd/DK), Frederik van der Bom, Lise Bonnichsen, Veronika Hansen
Nelly Raymond, Lars S. Jensen (Frederiksberg/DK), Marie Allesen-Holm
Martin S. Borchert (Bagsvaerd/DK)
P90
Towards next generation soil quality monitoring – spatio-temporal diversity patterns of
soil microbial communities
Florian Gschwend (Guangzhou/CN), Martin Hartmann (Birmensdorf/CH)
Anna-Sofia Hug, Andreas Gubler (Zurich/CH), Jianwu Wang (Guangzhou/CN)
Beat Frey (Birmensdorf/CH), Franco Widmer (Zurich/CH)
P91
Effects of bacterial inoculation on sugarcane growth, physiology and assembly of rhizo
and endosphere bacterial community
Mauricio Rocha Dimitrov (Wageningen/NL), Raquel de Paula Freitas
Sara Adrian Andrade, Adriana Parada Dias da Silveira (Campinas/BR)
Eiko E. Kuramae (Wageningen/BR)
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P92
Control of active microbial diversity by organic amendment practices and consequences
on Volatil Organic Compound (VOC) emissions from agricultural soil to the atmosphere
Kevin Potard, Cécile Monard, Nathalie le Bris, Jean-Pierre Caudal
Jean-Luc Le Garrec, Françoise Binet (Rennes/FR)
P93
Compositional shifts of soil bacterial community structure under contrasting management
practices at different time scales in a Mediterranean arable soil
Shamina Pathan, Angela Roccotelli, Michele Monti, Antonio Gelsomino (Reggio Calabria/IT)
P94
Deciphering the bacterial response in the rhizosphere towards different management
regimes and short-term herbivory in permanent German grasslands
Franziska Wemheuer, Bernd Wemheuer, Georg Everwand, Daniel Kretzschmar
Rolf Daniel, Christoph Scherber, Stefan Vidal (Göttingen/DE)
P95
Biochar particles represent hot-spots for specific bacterial communities in biochar
amended soils
Stefanie P. Glaeser, Burkhard Wilske, Hossain Haghighi, Lutz Breuer
Peter Kämpfer (Gießen/DE)
P96
Ecological roles in bacterial are mostly defined by soil characteristics in the central
highlands of Mexico
Yendi Navarro-Noya (Tlaxcala/MX), N. L. Ortiz-Cornejo, M. S. Vásquez-Murrieta
M. Luna-Guido, N. Verhulst, B. Govaerts (Mexico City/MX), A. H. Díaz de la Vega Pérez
A. Estrada-Torres (Tlaxcala/MX), L. Dendooven (Mexico City/MX)
P97
Dynamics of soil microbiome in salty environments
Guillermo Torres (Kiel/DE), Ingrid Figueroa, Orson Mestanza, Javier Vanegas (Bogota/CO)
P98
The plant root zone as seen from the microbiome’s point of view
Dror Minz (Rishon Lezion /IL), Maya Ofek (Rishon Lezion, Rehovot/IL)
Noa Sela (Rishon Lezion /IL), Stefan J Green (Chicago, IL/US)
Milana Voronov-Goldman (Rishon Lezion /IL), Nesli Tovi (Rishon Lezion, Rehovot/IL)
Yitzhak Hadar (Rehovot/IL)
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P99
Assessing the variability of the rhizomicrobiome of maize across a Europe
Marton Szoboszlay, Astrid Näther, Anja-Bettina Dohrmann
Christoph C. Tebbe (Braunschweig/DE)
P100
Nitrous oxide emission related to ammonia-oxidizing bacteria and mitigation options from
N fertilization in a tropical soil
Noriko Cassman (Wageningen/NL), Johnny Soares (Wageningen, Campinas, NL/BR)
Anna Kielak, Agata Pijl (Wageningen/NL), Janaina Carmo (Sorocaba/BR)
Hendrikus Laanbroek (Wageningen/NL), Heitor Cantarella (Campinas/BR)
Eiko Kuramae (Wageningen/NL)
P101
Agricultural management shapes bulk and rhizosphere microbiome – Implications for
soil health?
Doreen Babin (Braunschweig/DE), Martin Sandmann (Großbeeren/DE)
Jörg Geistlinger (Bernburg/DE), Rita Grosch (Großbeeren/DE)
Kornelia Smalla (Braunschweig/DE)
P102
Taxonomic structure of soil microbiomes under different plant communities
Ekaterina Ivanova (Saint Petersburg, Moscow/RU), E. Pershina, E. Chirak
E. Andronov (Saint Petersburg/RU)
P103
Improving quality of wine with learnings from metagenomics analysis
Mads Bennedsen, Jacob Bælum, Sofie Saerens, Natalia Edwards (Hørsholm/DK)
Thomas Gilbert (Copenhagen/DK), Thomas Sicheritz-Ponten (Kongens Lyngby/DK)
Martin Abel-Kistrup (Hørsholm, Copenhagen/DK), Elke Brockmann (Hørsholm/DK)
Crats Melkonian, Douwe Molenaar (Amsterdam/NL), Bent Petersen (Kongens Lyngby/DK)
Anette Moeller, Birgitte Stuer-Lauridsen, Hentie Swiegers (Hørsholm/DK)
P104
Deciphering the cross-talk between host genotype, rhizosphere microbiota and plant
growth in barley
Rodrigo Alegria Terrazas, Katharin Balbirnie (Dundee/GB), Eric Paterson
Elizabeth Baggs (Aberdeen/GB), Davide Bulgarelli (Dundee/GB)
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P105
Bacteria not Archaea enhance N-cycle in sugarcane field relating to nitrogen
fertilization forms
Clovis Daniel Borges, Oriel Tiago Kolln, Guilherme Martineli Sanches
Sergio G. Quassi Castro, Juliana Velasco, João Luis Nunes Carvalho
Henrique Coutinho Junqueira Franco (Campinas/BR)
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Microbial activity spurred by silicon amendment addition alters the biogeochemical
cycling of arsenic, iron, and methane in flooded rice paddies
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P108
Rhizospheric Iron and Arsenic Bacteria Influence Metalloid Uptake by Plant in Rice Paddies
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How the plant diversity affect the diversity of bacterial community in the meadows with
species-rich aboveground vegetation
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Petr Baldrian (Prague/CZ)
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Rhizosphere microbiome and disease resistance – project presentation
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Fungal and bacterial diversity and community composition in the rhizosphere mycobiome
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Ricardo Schöps, Tesfaye Wubet, Helge Bruelheide, François Buscot (Halle (Saale), Leipzig/DE)
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Cropping regimes alter structure and interaction of microbial communities in different
plant compartments of wheat (Triticum aestivum L.) and faba bean (Vicia faba L.)
Sandra Granzow, Kristin Kaiser, Bernd Wemheuer, Birgit Pfeiffer, Rolf Daniel
Stefan Vidal, Franziska Wemheuer (Göttingen/DE)
P114
Diversity of rhizosphere and endophytic bacteria associated with natura vegetation in
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P116
Microbial carbon turnover in the detritusphere
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P118
Shifts in the microbial community structure in different root spheres of apple in response
to replant disease soil
Alicia Balbín-Suárez (Braunschweig/DE), Maik Lucas (Halle (Saale)/DE)
Lena Rauch (Braunschweig/DE), Doris Vetterlein (Halle (Saale)/DE)
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Single cell genomics
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Investigating novel Chloroflexi species from Uruguayan wastewater treatment plants
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KN01
Deciphering soil microbiomes using metagenomics
J. K. Jansson1
1
Pacific Northwest National Laboratory, Earth and Biological Sciences Directorate,
Richland, United States
Soil microbial communities (microbiomes) play several key ecosystem services, including cycling of carbon and other nutrients and support of plant growth. Despite their
essential role for life on our planet, the specific roles carried out by individual members of soil microbiomes has been challenging to dissect, due to the high complexity
and high microbial diversity of soil ecosystems. To meet this challenge we have been
applying a suite of omics tools to uncover both the phylogenetic representation and
the functional properties of soil microbes in complex soil microbiomes. Most of our
studies are based on the analysis of soil metagenomes that subsequently serve as a
scaffold for understanding gene expression data (metatranscriptomes and metaproteomes). Deep soil metagenome sequencing has now developed to the point that it
is possible to bin near complete and complete genomes from soil microbial communities; the majority of which represent novel species that have never been isolated or
studied in the laboratory. We used metagenomics to study the impact of different land
management practices on soil microbial community compositions and functions. The
first study was a comparison of long-term cultivated soil metagenomes to those from
native prairie, across a 3 state transect of the United States Great Prairie. The findings
demonstrated shifts in community structure with land management; including shifts
in microbes and processes involved in the nitrogen cycle. We specifically focused on
one of the sites, Kansas native prairie, to develop our omics pipeline. The soil was
incubated with nutrients (glycine) or with water addition and studied using a multiomics approach. This enabled us to determine which microbes were active and what
genes were expressed in the various treatments. We also developed an assembly and
binning pipeline to bin genomes from the soil. By mapping the metatranscriptome
reads we were able to determine which of the genome bins represented microbes
that were active at the time of sampling. In a second study we studied soil metagenomes obtained from soils undergoing different land management practices at a
long-term field station at Rothamsted, UK. The treatments included long-term bare
fallow, long-term cultivation and undisturbed grassland plots. These comparisons allowed us to dissect the relative contributions of cultivation on the soil microbiome.
Importantly, the bare fallow treatment, without any influence of plants, enabled us to
determine the long-term influence of plant inputs on the soil microbiome.
Acknowledgements: This work was funded by the Microbiomes in Transition (MinT)
Laboratory Directed Research and Development Initiative at the Pacific Northwest
National Laboratory. PNNL is a multi-program national laboratory operated by Battelle
for the DOE under Contract DE-AC06-76RL01830.
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KN02
A Critical Assessment of Metagenome Interpretation - comprehensive benchmarking of computational metagenome analysis tools
A. Sczyrba1, P. Hofmann2, P. Belmann1,3, D. Koslicki4, T. Woyke5, M. Barton5
S. Janssen6, P. D. Blood7, S. Majda8, A. Fritz3, J. Dröge2, I. Gregor9, J. Fiedler2
E. Dahms2, R. Garrido-Oter2,10,11, M. DeMaere12, A. Bremges1,3, C. M. Hill13
T. S. Jørgensen14, L. Hestbjerg Hansen14, S. J. Sørensen15, Y. Bai10, D. Turaev16
M. Beckstette17, N. Nagarajan18, J. L. Froula5, Z. Wang5, R. Egan5, D. Don Kang5
J. Cook19, R. Chikhi20,21, M. Strous22, H. Klingenberg23, P. Meinicke23, T. Lingner24
H. H. Lin25, Y. C. Liao25, G. G. Z. Silva26, D. A. Cuevas26, R. A. Edwards26, S. Saha27
V. C. Piro28,29, B. Y. Renard28,29, M. Pop30, N. Kyrpides5,31, J. Vorholt32
P. Schulze-Lefert10,11, A. Darling12, T. Rattei33, E. M. Rubin34, A. C. Mc Hardy3
Bielefeld University, Faculty of Technology and Center for Biotechnology, Bielefeld,
Germany
2
Heinrich Heine University, Department for Algorithmic Bioinformatics, Duesseldorf,
Germany
3
Helmholtz Centre for Infection Research, and Braunschweig Integrated Centre of Systems Biology, Department for Computational Biology of Infection Research, Braunschweig, Germany
4
Oregon State University, Mathematics Department, Corvallis, United States
5
Genome Biology Program, Department of Energy Joint Genome Institute, Walnut
Creek, United States
6
University of California, Departments of Pediatrics and Computer Science and Engineering, San Diego, United States
7
Pittsburgh Supercomputing Center, Pittsburgh, United States
8
University of Duisburg and Essen, Department of Biology, Essen, Germany
9
Max-Planck Institute for Informatics, Max-Planck Research Group for Computational
Genomics and Epidemiology, Saarbruecken, Germany
10
Max Planck Institute for Plant Breeding Research, Department of Plant Microbe Interactions, Cologne, Germany
11
Max Planck Institute for Plant Breeding Research, Cluster of Excellence on Plant Sciences, Cologne, Germany
12
University of Technology Sydney, ithree Institute, Sydney, Australia
13
University of Maryland, Biomolecular Sciences, College Park, United States
14
Aarhus University, Department of Environmental Science - Environmental microbiology and biotechnology, Roskilde, Denmark
15
University of Copenhagen, Department of Biology, Copenhagen, Denmark
16
Imperial College London, Department of Mathematics, London, United Kingdom
17
Helmholtz Centre for Infection Research, Department of Molecular Infection Biology,
1
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Braunschweig, Germany
18
Genome Institute of Singapore, Department of Computational and Systems Biology,
Singapore, Singapore
19
Intel Corporation, Hillsboro, United States
20
Research Center in Computer Science (CRIStAL), Signal and Automatic Control of Lille,
Department of Computer Science, Lille, France
21
National Centre of the Scientific Research (CNRS), Rennes, France
22
University of Calgary, Energy Engineering and Geomicrobiology, Calgary, Canada
23
University of Goettingen, Department of Bioinformatics, Institute for Microbiology
and Genetics, Goettingen, Germany
24
University Medical Center, Microarray and Deep Sequencing Core Facility, Goettingen,
Germany
25
National Health Research Institutes, Institute of Population Health Sciences, Miaoli
County, Taiwan
26
San Diego State University, Department of Computer Science, San Diego, United States
27
Boyce Thompson Institute for Plant Research, New York, United States
28
Robert Koch Institute, Research Group Bioinformatics, Berlin, Germany
29
Ministry of Education of Brazil, CAPES Foundation, Brasília, Brazil
30
University of Maryland, Center for Bioinformatics and Computational Biology and Department of Computer Science, College Park, United States
31
King Abdulaziz University, Department of Biological Sciences, Jeddah, Saudi Arabia
32
Swiss Federal Institute of Technology (ETH Zurich), Institute of Microbiology, Zurich,
Switzerland
33
University of Vienna, Department of Microbiology and Ecosystem Science, Vienna,
Austria
34
Lawrence Berkeley National Laboratory, Berkeley, United States
The interpretation of metagenomes relies on sophisticated computational approaches such as short read assembly, binning and taxonomic classification. All subsequent analyses can only be as meaningful as the outcome of these initial data
processing methods. Tremendous progress has been achieved during the last years. However, none of these approaches can completely recover the complex information encoded in metagenomes. Simplifying assumptions are needed and lead to
strong limitations and potential inaccuracies in their practical use.
The accuracy of computational methods in metagenomics has so far been evaluated
in publications presenting novel or improved methods. However, these snapshots
are hardly comparable due to the lack of a general standard for the assessment of
computational methods in metagenomics. Users are thus not well informed about
general and specific limitations of computational methods. This may result in misinterpretations of computational predictions. Furthermore, method developers need
to individually evaluate existing approaches in order to come up with ideas and
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concepts for improvements and new algorithms. This consumes substantial time
and computational resources, and may introduce unintended biases.
We are tackling this problem by a new initiative, founded in 2014, for the „Critical Assessment of Metagenome Interpretation“ (CAMI). CAMI aims to evaluate
methods in metagenomics independently, comprehensively and without bias. The
initiative should supply users with exhaustive quantitative data about the performance of methods in all relevant scenarios. It will therefore guide users in the selection and application of methods and in their proper interpretation. Furthermore
it will provide valuable information to developers, allowing them to identify promising directions for their future work. The first CAMI challenge has taken place
in 2015 and has engaged the computational metagenomics developer community
from around the world. I will present an overview of outcomes of this challenge.
KN03
Statistical challenges in the analysis of metagenomic gene count data
E. Kristiansson1
1
Chalmers University of Technology, Gothenburg, Sweden
In shotgun metagenomics, the relative abundance of genes is quantified by counting and sorting DNA fragments sequenced directly from microbial communities.
The resulting gene count data is high-dimensional and affected by both technical
and biological noise. Most metagenomes are also undersampled and many genes
are therefore be represented by only a few or, in worst case, zero DNA fragments.
This makes often the analysis and interpretation of metagenomic gene count data
a difficult undertaking. In this talk I will address some of the key challenges in the
gene-centric statistical analysis of metagenomic data. I will summarize the main
approaches used to identify differentially abundant genes between metagenomes
and discuss their statistical advantages and weaknesses. I will then show results
from a comprehensive comparison of the performance of previously published
methods. The performance were estimated on artificial data generated by resampling large metagenomic datasets, which makes it possible to compare the methods
under highly realistic settings. Finally, I will address the issue zero-inflation, i.e. the
overabundance of zeros, often present in metagenomic data. I will demonstrate
that a substantial proportion of the variability in metagenomes data can stem from
zero-inflation. A new statistical model suitable for the analysis of zero-inflated gene
count data will be introduced and shown to significantly increase the statistical
power of detecting differentially abundant genes.
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KN04
Analysis and integration of disparate data types from complex soil systems
L. A. McCue1
1
Pacific Northwest National Laboratory, Richland, United States
Computational methods to efficiently explore and accurately analyze multi-omics
datasets have lagged behind our ability to generate these data. For example, the
existing computational tools to process complex metagenome sequence data from
natural microbial communities have considerable computational requirements and
often result in gene or transcript abundance tables for which the appropriate statistical models for analysis are unclear. Similarly, as the resolution of mass spectrometry technologies improves, the computational tools and analytical methods to
align and differentiate spectra need to be refined. We are developing approaches
that explore these high-throughput datasets to identify relationships among explanatory variables and assess the relationships between explanatory and outcome
variables. We are also mining data sources such as KEGG to link geochemical features identified by high resolution mass spectrometry with metagenomic features
to infer relationships between the soil organic matter of arid lands soils and the
functional capability of the resident microbes.
KN05
From integrated omics to microbial systems ecology
P. Wilmes1
University of Luxembourg, Luxembourg Centre for Systems Biomedicine, Esch-surAlzette, Luxembourg

1

Microbial consortia represent highly dynamic and complex systems with emergent
properties. Integrated omics which involves the joint analysis of metagenomic,
metatranscriptomic, metaproteomic and metabolomic data offers the prospect of
comprehensive insights into community composition, physiology, ecology and evolution in situ. Particularly, time-resolved analyses allow the resolution of systemlevel properties. We have developed an integrative workflow comprising wet- and
dry-lab methodologies to enable systematic measurements of microbial communities over space and time as well as the integration and analysis of the resulting
multi-omic data. By resolving multi-omics data at the population-level, we have
uncovered patterns which suggest that in our model microbial community (lipid
accumulating microbial consortia from a biological wastewater treatment tank) the
ecological dominance of a microbial generalist is linked to finely tuned resource
usage. In the context of the human gut microbiome, we have found that in type 1
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diabetes different microbial functions are differentially expressed in the absence of
clear taxonomic differences. Specific functions can be encoded and expressed by
distinct microbial populations in different individuals. Community-wide analysis of
reconstructed metabolic networks has resulted in the identification of “keystone
genes”, analogous to keystone species in species interaction networks, which likely play essential roles in governing community structure and function. Integrated
omics will likely become the future standard for the large-scale characterization
of microbial consortia within an Eco-Systems Biology framework. In particular, by
integrating information from genome to metabolome, it allows the deconvolution
of structure-function relationships by identifying key members and functionalities.
For example, identified keystone species and/or genes likely represent driver nodes
which may be exploited for future control strategies. However, to test emerging
hypotheses and formulate predictive models which support such endeavours, an
iterative discovery-driven planning approach is required. This should ultimately allow the manipulation of microbial communities and steer them towards desired
endpoints.
KN06
Illuminating Microbial Dark Matter by Single Cell Genomics- The quest for atmospheric methane oxidizers in Marburg forest soil
J. Pratscher1, J. Vollmer1, A. K. Kaster1
Leibniz Institute DSMZ, German Collection of Microorganisms and Cell Cultures,
Braunschweig, Germany

1

Aerobic methanotrophic bacteria in forest soils represent the largest biological sink
for atmospheric CH4, playing a major role in the global carbon cycle. However, the
identity of the microorganisms performing this uptake is still unknown. Phylogenetic analyses of Marburg forest soil using atmospheric CH4 revealed the presence
of predominant “high affinity” methanotrophic bacteria named upland soil clusters
alpha (uscα), which represented a novel sequence lineage of the key gene methane
monooxygenase pmoA. Due to their low abundance those bacteria have so far not
been successfully isolated and therefore only very little is known about their molecular phylogeny and function. We here investigated these methanotrophs by a
combined approach using metagenomics and single cell genomics, in order to shed
light into this highly interesting and important species.
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KN07
Long read sequencing reveals a new dimension to diversity – character genes
dominate genomic diversity in Spartobacteria in the environment
W. Trimble1, S. O’Brien1, S. Owens1, D. Antonopoulos1, F. Meyer1
Argonne National Laboratory, Lemont, United States

1

We investigated soil bacterial community structure in a switchgrass stand at high
spatial resolution to determine whether biogeographic trends occurred at the centimeter scale (O’Brien at al. 2015). Bacterial communities were highly heterogeneous including abrupt changes in bacterial phyla from samples collected only centimeters apart; however, at the ecosystem scale bacterial community composition
and structure were subtly, but significantly, altered by fertilization. We also identified a single Verrucomicrobia-derived OTU that dominated many of our small-volume soil cores (<2 g each). Here, we use shotgun sequencing to determine whether
this OTU is taxonomically coherent or is comprised of multiple species/strains. We
hypothesize that if it is many species/strains, they may have conserved elements
(core genome) and variable regions that suggest variations in ecology or function,
potentially defining a pan-genome for the Verrucomicrobia in grasslands (Fierer et
al. 2012, 2013; Bergmann et al 2011). In order to test our hypothesis, we selected
4 samples rich in Verrucomicrobia for Moleculo long-read sequencing and shotgun
sequencing, and generated shotgun metagenomic sequences (Illumina Hiseq2000)
for an additional set of 16 soil samples. Samples from fertilized and unfertilized
soils were sequenced to determine whether this field treatment impacts the gene
content of the ¬¬species/strains of Verrucomicrobia observed. Long-read Moleculo
data will allow us to better understand the highly diverse soil microbial communities by providing access to long (5-10kb) contigs representing individual strains. In
addition, a comparison of raw shotgun reads with assemblies of shotgun reads and
synthetic long reads will provide an assessment of the accuracy of current methods
and will shed light on any potential biases in using high-throughput and long-read
sequencing to understand the biochemistry of microbes in soil and elsewhere.
KN08
Challenging a paradigm – Methanogenesis in soils, it is not as deep as you thought
K. C. Wrighton1
1
The Ohio State University, Department of Microbiology, Columbus, United States
The current paradigm in microbiology is that microbial methanogenesis only occurs
in the absence of oxygen, and thus in soils is confined to deeper anoxic horizons.
Here we used multiple complementary approaches to show that microbial me-
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thanogenesis is active and contributes to methane production in well-oxygenated
wetland surface soils. Using porewater peepers we show that in situ methane was
repeatedly greater in the oxic upper 0-5 cm compared anoxic (25-30 cm) deeper
fractions. Quantitative RT-PCR of the methyl coenzyme M reductase mRNA showed
that methanogens in surface soils had the greatest activity, with gene expression
strongly correlated to pore-water oxygen, dissolved carbon, and acetate concentrations. Consistent with these findings, near complete reconstructed metagenomes and paired transcriptomes revealed members of the genus Methanosaeta,
obligate acetate utilizing methanogens, were predominantly the active methanogens in surface, aerobic soil horizons. While some genes for oxygen detoxification
were expressed, mechanisms of increasing turnover and repair of oxygen sensitive
proteins were the most consistently expressed protection mechanisms from redox
stress. Additionally, Methanosaeata were positively co-correlated to a network of
other aerobic and anaerobic microorganisms across all surface soils, suggesting a
conserved ecological network may be important to sustaining methane production
in anaerobic microsites in aerobic soil horizons. Given that soils with the greatest
surface methanogenesis activity had the greatest net methane emission, microbial
methane production in oxygenated soils may represent an overlooked source of
methane in wetlands. Our findings challenge widely held views on controllers of
methanogenesis in ecosystems and could have important ramifications for global
biogeochemical modeling across terrestrial ecosystems.
KN09
Ecological insights from single-cell genomics of soil archaea
C. Gubry-Rangin1
1
University of Aberdeen, Institute of Biological & Environmental Sciences, Aberdeen,
United Kingdom
Despite the crucial importance of microbial diversity in ecosystem functioning, our
knowledge of both Bacteria and, particularly, Archaea has been severely limited
by our inability to cultivate representatives of natural communities. Indeed, a large fraction of the microbial diversity on Earth have no cultured representatives.
Recent revolutionary innovations, such as metagenomics, may help to reduce cultivation bias and obtain information on natural communities, allowing us to study
adaptation of microbes. An alternative, innovative approach is microbial-targeted
single-cell genomics, which allows sorting of single cells of target microbes from
the environment and provision of genomic information from a single cell. While
many metagenomics or single-cell genomics studies identify genes or genetic pathways that are potentially crucial for the environmental adaptation of the targeted
microorganism, these genomic data are rarely used to cultivate previously uncul-
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tivated microbes. However, such genetic information can be used to improve our
ability to cultivate microbes.
Here, I will present recent results of single-cell, genomics-driven isolation of the
first non-ammonia oxidising Thaumarchaeota from soil. Following evidence that
growth of some thaumarchaeotal groups occurs without ammonia oxidation in
soil microcosms, we developed a pipeline of DOPE-FISH archaeal single-cell sorting
combined with whole-genome sequencing to obtain genomic contigs of Group1.1c
thaumarchaeotal cells. Metabolic pathway analysis was then used to design a specific growth medium, enabling the enrichment and subsequent isolation of the first
cultivated representative of this abundant acidophilic lineage. This study exemplifies the power of this approach, which has broad applicability in understanding the
vast microbial functional diversity in nature.
KN10
Putting the soil into soil metagenomics
J. Prosser1
University of Aberdeen, Institute of Biological and Environmental Sciences, Aberdeen, United Kingdom
1

Metagenomics and other ‘omics’ approaches have generated considerable excitement, anticipation and expectancy, mirroring the situation following the introduction of 16S rRNA-gene-based methods for characterising microbial communities and, historically, the introduction of many other potential revolutionary
techniques. Six years after the first Soil Metagenomics meeting, it may be timely
to review which hopes have been realised, which have been dashed and which
continue to torment, tantalise and distress. Which fundamental questions in soil
microbiology can be addressed using ‘omics’, which merely require technical advances or more funding and which should be abandoned, or addressed using alternative approaches? In considering these issues, it can be instructive to learn from
‘omics’ approaches to other ecosystems that are not complicated (or plagued) by
the complicating factors that make soil such a frustrating, challenging and exciting
environment in which to study microbial ecology. It is also instructive to ask if the
challenges of applying ‘omics’ to soil microbiology differ from those of any other
techniques, and whether more emphasis should be placed on how techniques are
used, rather than the techniques themselves.
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KN11
Targeting soil metagenomics to the taxa and functions that matter
J. D. Neufeld1
1
University of Waterloo, Department of Biology, Waterloo, Canada
Soil microbial community complexity challenges current metagenomic approaches
used to explore the diversity and function of terrestrial habitats. As microbial ecologists grapple to develop and adapt metagenomic and computational tools for analysis of such complex metagenomes, this presentation will highlight two targeted metagenomic approaches that help demonstrate the feasibility of deriving meaningful
functional and ecological insight through comparative soil metagenomics. The first
study represents the first application of DNA stable-isotope probing (DNA-SIP) and
flow-through reactors for the identification of soil denitrifying populations. Automating hidden Markov model (HMM) analysis with MetAnnotate, we demonstrate how
active denitrifiers were identified that were distinct from abundant soil denitrifiers,
and how the taxonomic affiliations of denitrifiers was dependent on the particular
denitrification genes surveyed in heavy DNA metagenomes. Surprisingly, Janthinobacterium spp. (Betaproteobacteria) were associated with multiple soils and time
points as the dominant glucose-assimilating denitrifiers for all denitrification steps
other than nitrous oxide reduction. In the second study, we again used HMMs and
MetAnnotate to target a range of soil enzymatic functions, discovering that vitamin
B12 (cobalamin) producers represent a stable ~2% of total community size across
52 soil metagenomes. Genera representing >2% of soil metagenome communities
were associated with cobalamin transport. The results demonstrate that cobalamin
synthesis is a keystone function that limits soil microbial community size and, presumably, productivity. Together, this presentation will highlight the power of targeted
metagenomics, via DNA-SIP and/or HMMs, to link gene predictions to systems ecology for soil microbial communities.
KN12
Omics of the Rhizosphere
J. M. Tiedje1, J. Guo1, A. Garoutte1
Michigan State University, Center for Microbial Ecology, East Lansing, United States

1

The soil microbiome is made up of many communities with perhaps the most important being the rhizosphere of plants because of its importance to plant productivity, which can include nutrient acquisition, pest protection, immune responses,
growth stimulants, abiotic stress protection, soil tilth and likely some not yet discovered. Because of these benefits, the rhizosphere has been studied for a century
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and yielding some practical benefits. But, more remains to be learned and perhaps
the new omics methodologies can provide new insights and directions. We have
applied these technologies to rhizosphere field samples of three candidate biofuel
crops: corn, switchgrass and Miscanthus. No matter what data type one examines
from population to gene level, each crop selects its unique community which means that the crop does manage its rhizosphere by selecting from a common field
community. We used gene-targeted assembly (by Xander) of the N-cycle genes and
find differences in gene count and affiliated taxa for the crops with the perennial
crops selecting for more genes that would improve N economy and from significantly different taxa. We used metagenomics, -transcriptomics and –proteomics
to defined the dominant and expressed functional potentials of the switchgrass
rhizosphere, which was deep enough to reveal some functions of ecological importance.
(This work was supported by the U.S. Department of Energys Great Lakes Bioenergy Research Center with essential contributions by DOEs Joint Genome Institute
and Environmental Molecular Science Laboratory.)
KN13
Structure and function of plant root microbiota under phosphorus-limiting conditions
S. Spaepen1, C. Robbins1, T. Thiegart1, R. Garrido-Oter1,2,3, P. Schulze-Lefert1,2
Max Planck Institute for Plant Breeding Research, Department Plant Microbe Interactions, Köln, Germany
2
Max Planck Institute for Plant Breeding Research, Cluster of Excellence on Plant
Sciences (CEPLAS), Köln, Germany
3
Heinrich Heine University Düsseldorf, Department of Algorithmic Bioinformatics,
Düsseldorf, Germany

1

We have previously shown that roots of Arabidopsis thaliana, grown in natural soil,
are colonized by a bacterial consortium with well-defined taxonomic structure. Moreover, the bacterial root microbiota of barley and A. thaliana, grown in the same
soil type, revealed a remarkably similar structure with few bacterial taxa uniquely
enriched in the Brassicaceae. This suggests that the bacterial root microbiota structure is either an ancient plant trait or that microbe-microbe interactions serve as
a dominant structuring force for community assembly. We recently expanded our
research also to community establishment under phosphate-limiting conditions. To
this end, we sampled 16 soils, classified into two P levels, from a long-term fertilization experiment initiated at the Julius-Kühn Experimental Station, Halle, Germany,
in 1949. Glasshouse experiments were conducted to elucidate the root-associating
microbial communities and to further our understanding of the role of the plant
microbiota, as dependent on P availability in the soil.
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Use of bacterial 16S rRNA gene and fungal ITS sequencing enabled us to characterize both the bacterial and fungal communities present in the bulk soil, rhizosphere
and roots. Despite contrasting P levels in soils, both bacterial and fungal communities remained remarkably stable in both conditions over all compartments tested.
This suggests that soil microbial communities are quite resilient over time, despite
decades of various P fertilization treatments. Particularly, it appears that P has a
subtle, yet significant, role in shaping fungal community structures within the rhizosphere and bacterial community structures within the root in the host A. thaliana. In a broader context, it appears plants grown in similar soils of different P levels
slightly alter their microbiota composition to favor certain OTUs of low relative abundance, but which collectively make up as much as 2-3% of the total community.
KN14
A decade of irrigation transforms the soil microbiome of a water-limited pine
forest
M. Hartmann1, I. Brunner1, F. Hagedorn1, A. Rigling1, B. Frey1
Swiss Federal Research Institute for Forest, Snow and Landscape Research WSL,
Birmensdorf, Switzerland

1

The impact of climate change on the soil microbiome potentially alters the biogeochemical cycle of terrestrial ecosystems. In semi-arid environments, water availability is a major constraint on biogeochemical cycles due to the combination of high
summer temperatures and low rainfall. We explored how ten years of irrigation of
a water-limited pine forest in the central European Alps altered the soil microbiome and associated ecosystem functioning. A decade of irrigation stimulated tree
growth, resulting in higher crown cover, larger yearly increments of tree biomass,
increased litter fall, and greater root biomass. Greater amounts of plant-derived
inputs associated with increased primary production in the irrigated forest stands
stimulated soil microbial activity coupled to pronounced shifts in the microbiome
from largely oligotrophic to more copiotrophic lifestyles. Microbial groups benefitting from increased resource availabilities (litter, rhizodeposits) thrived under irrigation, leading to enhanced soil organic matter mineralization and carbon respired
from irrigated soils. The loss of soil carbon due to increased microbial activity under
irrigation was contrasted by higher primary production and enhanced carbon sequestration to the extent that it fully compensated for the increased soil organic
matter decomposition. This unique long-term study provides new insights into the
impact of precipitation changes on the soil microbiome and associated ecosystem
functioning in a drought-prone pine forest ecosystem and improves our understanding of the persistency of long-term soil carbon stocks in a changing climate.
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KN15
Tracing the activity of microbes in forest soils: from communities to individual taxa
P. Baldrian1
1
Institute of Microbiology of the CAS, Laboratory of Environmental Microbiology,
Praha 4, Czech Republic
In forest soils, microbes are important drivers of soil processes, because they mediate decomposition as well as nutrient transfer from primary producers into soil.
Metatranscriptomics, metaproteomics and enzyme activity assays that can assess
the dynamics of microbial processes and assign functions to higher taxa show that
microbial activity undergoes seasonal cycling with a fungal dominance in summer
and bacterial dominance in winter affing multiple processes ranging from ectomycorrhizal symbiosis to decomposition (Žifčáková 2016). Methods focusing environmental metacommunities are, however, not able to identify individual microbial
species, participating in the soil processes. To do that, individual microbial taxa
need to be isolated and analysed. We have isolated 20 bacterial strains representing some of the dominant molecular OTUs from the spruce forest soil that was
subject to the metagenomic and metatranscriptomic analysis. Genomes of ectomycorrhizal fungi were obtained from fruitbodies collected at the study sites. Among
dominant bacteria, interestingly, strains belonging to Acidobacteria showed the
highest production of decomposition-related enzymes and high counts of glycosyl hydrolases in their genomes, in contrast to Bacteroidetes and Proteobacteria.
When metatranscriptomic reads were mapped to the genome sequences obtained,
it was recorded that their transcript profiles in situ differ among horizons as well as
among seasons. The results characterize the summer season as a period with rapid
microbial growth accompanied by decomposition of recalcitrant plant biopolymers
likely induced by the priming effect of photosynthates delivered by plant roots.
Winter appears to be a period of slow growth when reserve compounds such as
starch, glycogen and trehalose are utilized.
Žifčáková L, Větrovský T, Howe A, Baldrian P. 2016. Microbial activity in forest soil
reflects the changes in ecosystem properties between summer and winter. Environ
Microbiol 18:288-301.
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Figure 1

KN16
Response of arctic permafrost soil microbiomes to elevated temperature
T. Urich1
1
Ernst-Moritz-Arndt University Greifswald, Institute of Microbiology, Greifswald,
Germany
Microorganisms are key players in the turnover of soil organic carbon (SOC) in the
large carbon storages of the arctic permafrost soil region. While available data and
modeling suggest a significant temperature-induced increase of greenhouse gas
emissions from these soils by the end of this century, the responses of the underlying microbiomes are largely unknown. We have tackled this lack of knowledge in
two globally important permafrost soil systems.
In a first study a temperature-gradient experiment with anoxic peat soil microcosms was conducted to identify microbiome-level changes in metabolic and trophic interactions of microorganisms during anaerobic SOC degradation to CH4 and
CO2 along a temperature gradient. We used metatranscriptomic, metagenomic,
and targeted metabolic profiling to assign specific microorganisms to their respective function in the metabolic network. The study revealed critical temperatures
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at which microbial adaptations cause changes in metabolic bottlenecks of anaerobic carbon degradation pathways. In particular, taxonomic shifts within functional
guilds at different levels of the anaerobic C mineralisation cascade enable a fast
adaptation of the microbial system resulting in high methane emissions at all temperatures.
A second study with mineral soils of Siberia investigated the effect of temperature and priming on soil microbiomes and C mineralisation rates. It revealed a soil
horizon-dependent response of microbiomes, where C and N priming exhibited
differential effects on SOC mineralisation in top soils and subsoils.
In conclusion, we begin to better understand the structure, function and interactions of arctic permafrost soil microbiomes and the factors controlling their response to temperature. However, there is a long road ahead to a comprehensive
understanding.
KN17
Distributions of soil bacteria lag up to 50 years behind climate change: ramifications for the present and the future.
J. Ladau1
1
Gladstone Institutes, GICD, San Francisco, United States
Climate change is disrupting many ecological communities, and these disruptions
are expected to mount as climate change continues. However, it remains uncertain how soil microbial communities will respond to climate change. Here, we test
whether soil microbial communities are in equilibrium with climate change that has
occurred over the last 60 years using (i) 16S rRNA profiles of communities across
Tibet and northern North America (ii) and monthly climate records spanning 1950
to 2012. Surprisingly, we find that the current diversity and distributions of major
taxa of bacteria in soil across Tibet and North America are better predicted by the
climate from 10 to 60 years ago than by the contemporary climate; thus the distributions of bacteria appear to be in disequilibrium with existing climate. The climate
from circa 1950 to 1960 is particularly predictive of the distributions of diversity
and many taxa. We find that the disequilibria are likely mediated by soil properties
adjusting slowly to shifts in climate. Using niche modeling, we project that bacterial
diversity would increase across 70.2% of the Tibetan Plateau and 80.2% of northern North America if bacterial distributions were to equilibrate to contemporary
climate. Our results suggest that existing climate change may already have induced widespread diversity credits and extinction debts among soil bacteria, and that
many ramifications of existing climate change on soil microbial communities have
yet to manifest.
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Adaptation of soil bacteria to stress revealed by a combined meta-transcriptomic and meta-mobilomic approach
S. J. Sørensen1
1
University of Copenhagen, Department of Biology, Copenhagen, Denmark
Despite the well-known deleterious effects of anthropogenic contaminants on soil
microbial communities, little is known about the consequences of long-term ecosystemic exposure (so-called “legacy burden”), and subsequent consequences on
associated soil ecosystem services.
In this study, we combined 16S rRNA gene transcript amplicon sequencing with
meta-omics (DNA and mRNA shotgun) to reveal the presence of a legacy burden
impacting a temperate grassland soil exposed to extreme copper gradient for a
century. We applied the macroecology concept of Functional Response Groups in
order to highlight the legacy burden and the copper tolerance range of the active
fraction of the bacterial community. Furthermore, we investigated seasonal fluctuations along the copper gradient for a whole year, revealing that copper has significantly reshaped the structure of transcriptional active groups and there related
functionality, resulting in more unpredictable patterns and loss of crucial activities
at the copper pollution hotspot. Surprisingly, as copper concentration increased
along the gradient, our mRNA profiles were strongly dominated by mobile genetic element signatures, with a clear prominence of active phages. A targeted investigation of the soil meta-mobilome revealed a unique pool of plasmids in the
copper contaminated soil. These findings provide a mechanistic explanation for
the previous detected co-selection for antibiotic resistance in copper contaminated soils. Our integrated molecular study resulted in a complete identification of
the so-called legacy burden effect, weighing with noxious consequences on all the
component of this soil ecosystem after long-term persistent exposure to extreme
copper levels. This legacy burden effect was shown to significantly reduce the related and beneficial soil ecosystem services mediated by microorganisms.
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KN19
Bridging plant microbiomes and biotechnology by multi omics
G. Berg1
1
Graz University of Technology, Institute of Environmental Biotechnology, Graz,
Austria
The microbiome is a crucial factor for plant growth and health. Although this fact
is known more than 100 years, multi omics technologies revolutionized the field of
research. They revealed many details as well as deep insight that now allow specific
applications in biotechnology. For example, the new perspectives influence plant
protection approaches such as biocontrol in agriculture. The development of new
tools may impact i) the detection of new bio-resources for biocontrol and plant
growth promotion, ii) the optimization of fermentation and formulation processes for biologicals, iii) stabilization of the biocontrol effect under field conditions
and iv) risk assessment studies for biocontrol agents. Examples are presented and
discussed for the applications mentioned above, as well as an illustration of the
global importance of next-generation bio-products as a sustainable alternative for
agriculture. Moreover, the central role of the plant microbiome and their beneficial inhabitants for human and environmental health will be analyzed. Finally, multi
omics can be used to identify new bioactive metabolites, e.g. antibiotics, enzymes
and volatiles, for many biotechnological purposes from the diverse world of plant
microbiomes.
OR01
Microbial Dark Matter in Amazonian Soils
M. Kroeger1, T. Delmont2, A. M. Eren2, B. Bohannan3, K. Khan1, J. Guo4, J. Rodrigues5
J. Tiedje4, K. Nüsslein1
1
University of Massachusetts Amherst, Microbiology, Amherst, United States
2
University of Chicago, Medicine, Chicago, United States
3
University of Oregon, Biology, Eugene, United States
4
Michigan State University, Microbial Ecology, East Lansing, United States
5
University of California Davis, Land, Air, and Water Resources, Davis, United States
Microbial dark matter encompasses the majority of prokaryotic life that thus far is
unculturable. Our objectives were to assemble microbial genomes from Amazon
soil to assess their functional roles in the ecosystem, and to identify novel functions from this biodiversity hotspot. Soil cores were collected from representative
sites of primary rainforest and adjacent pasture in the Brazilian Amazon. DNA and
RNA were extracted, sequenced; and QC reads from ten deep metagenomes and
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eight corresponding metatranscriptomes were mapped to a co-assembly. After
mapping, the Anvi’o pipeline was used to form genomic bins, which were subsequently annotated using the pipelines PATRIC and RAST. All phylogenetic analyses
were performed in MEGA7.0. Within the genomic bins, we identified eleven draft
genomes linked to “microbial dark matter”. Five genomes belong to the new phylum Microgenomates, two are members of Parcubacteria, three fall within the TM6
phylum, and one is most closely related to the recently proposed Rokubacteria. To
our knowledge, these are the first microbial genomes assembled from soil without
an enrichment process. Currently, Microgenomates are thought to be obligate anaerobes using fermentation for energy generation. One assembled genome, most
closely related to Levybacteria, has a complete cytochrome O ubiquinol oxidase,
indicating oxygen can be its terminal electron acceptor. Additionally, one of the
genomes most closely related to Pacebacteria has an aerobic form of the ribonucleotide reductase. This may indicate these enzymes provide rapid return to growth
after exposure to oxygen, or the capability of facultative growth in oxic conditions.
All TM6 genomes have an arylsulfatase that can hydrolyze phenol sulfates, which
may be an adaptation to the soil environment. The most unique assembled genome is most closely related to Candidatus Rokubacteria. Based on the analysis
of multiple phylogenetic markers, genome amino acid identity, and orthologous
genes, we propose this genome be classified as a new phylum. These newly assembled genomes are the first representatives of microbial dark matter in Amazonian
soil, and represent novel lineages with adaptions previously undescribed for their
respective phyla. This is the beginning of understanding the role and diversity of
microbial dark matter in soil.
OR02
ATLAS (Automatic Tool for Local Assembly Structures) a comprehensive infrastructure
for assembly, annotation, genomic binning of metagenomic and metatranscriptomic
data with an integrated framework for MultiOmics
R. A. White III1, C. C. Overall1, S. Colby1, C. J. Brislawn1, K. Glass1, K. R. Glaesemann1
C. Jansson1, J. K. Jansson1
1
PNNL, Richland, United States
A renaissance in microbial ecology over the last two decades has largely been driven by inexpensive Next Generation Sequencing (NGS) technologies which can generate >2 TB of data every week. Whole community sequencing of total DNA (i.e.,
metagenomics) and total RNA (i.e., metatranscriptomics) has provided a wealth of
information about microbial communities in a variety of habitats. This sequencing
renaissance has resulted in a large amount of data that has caused long analysis
times, suffers from insufficient scalablity of informatics tools and lack of an infra-
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structure to integrate other omics (e.g. proteomics) data. In order to solve many
of these challenges, we present ATLAS (Automatic Tool for Local Assembly Structures), which is a comprehensive infrastructure for database independent property
analysis (DIPA), direct read analysis via HMMs (FOAMdb), De novo assembly, annotation, genome binning, marker gene analysis (i.e. rRNAs), and expression analysis
for proteomic and mRNA data in a lightweight BioConda Python package for easy
installation. ATLAS is also available on Docker for reproducible data analysis. ATLAS
is platform independent and able to handle single molecule sequencing data such
as PacBio and Oxford Nanopore data, as well as standard Illumina data and legacy
data such as 454, SOiLD and Ion Proton. ATLAS has been applied to handle large,
complex metagenomics and metatranscripomics datasets (>300 gbp) and is highly
parallel (>1000 samples), while requiring only a few days of CPU time. This tool was
applied to several multiomic datasets, includingIntegratedHumanMicrobiomeProject (iHMP- https://ibdmdb.org/), the Kansas native prairie soil, Earth Microbiome
Project(EMP-www.earthmicrobiome.org/), and soils collected from the long-term
field station at Rothamsted, UK. ATLAS is the first comprehensive NGS pipeline for
both metagenomic and metatranscriptomic analysis as well as a framework for metaproteomic database construction and analysis.
Figure 1
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OR03
Towards intelligence in the metagenome and amplicon sequencing: epicPCR and
µRIP
M. Tiirola1, A. Mikkonen1
University of Jyväskylä, Dept. Biol. and Env. Sci., Jyväskylä, Finland

1

Next-generation sequencing has enabled tremendous throughput in the sequencing technology, allowing larger and larger metagenome datasets and higher numbers of sample replicates. Still it has to be admitted that metagenome sequencing
even at its best only gives new hypotheses and reveals unknown diversity, the function of which has to be studied and proven. The data generated by current sequencing approaches allow one-dimensional analysis, without connection to functional
parameters. This could be called unintelligent sequencing.
More intelligent two-dimensional sequence analysis is now possible. Here we
describe and discuss some latest and developing tools to utilize high throughput
sequencing technology in ways that supplement classification with functional dimension. Such tools are especially useful in analyzing the physiology of individual
microbes in microbial consortia, analyzing microbial food chains and symbiotic or
spatial relations in the microbial communities.
EpicPCR is a protocol that is based on the PCR-amplification of chimeric sequences
in physically separated bubbles. These chimeras can contain functional and/or ribosomal genes to allow analysis of the genetic capacity in the phylogenetic groups.
This method originally introduced by Spencer, Tamminen, et al. (ISME J [2016] 10,
427-436) will enable huge numbers of applications to study the life of microscopic
organisms from viruses to small eukaryotic cells below 20 µm. In our laboratory, we
have simplified the original complex sample encapsulation protocol for a simple
and rapid workflow by exploiting the droplet digital PCR (ddPCR) droplet generator. Another tool for analyzing the physiology of millions of bacterial cells at the
same time is microscale radioisotope probing (µRIP), which exploits Ion Torrent
sequencing chemistry and reuses the chips for subsequent microarray analysis of
the original labelled DNA/RNA. We predict that both of these methods will help microbiologists to proceed to the era where hypotheses generated by metagenome
explorations can be tested in real experimental conditions.
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OR04
Functional redundancy, scavengers and cheaters are drivers of community assembly in a benzene-degrading microbial consortium isolated from soil
U. Nunes da Rocha1, B. G. Olivier1, S. Atashgahi2, E. Kuiper1, L. Fillinger1
M. van der Waals2,3, W. Gottstein1, C. Melkonian1, J. Parsons4, D. Molenaar1
J. Gerritse3, H. Smidt2, R. van Spanning1
1
VU Amsterdam, Amsterdam, Netherlands
2
Wageninegen University, Wageningen, Netherlands
3
Deltares, Utrecht, Netherlands
4
UvA, Amsterdam, Netherlands
Introduction
We used a Community Systems Biology approach that integrates experimental data
(e.g. multi-omics of succession experiments), modeling (functional mechanisms
and microbial interactions) and hypothesis generation in an iterative manner. In
the current study, we used a 15 year-old benzene-degrading microbial consortium,
recovered from contaminated soil, as a model system.
Objectives
Our goal was to define the minimal microbial communities capable of degrading
benzene anaerobically using nitrate as terminal electron acceptor. We hypothesized (i) a small core of microbes is responsible for benzene degradation, (ii) different functional modules (e.g. benzene degradation and nitrogen cycling) are responsible for maintaining balanced growth in a stable community.
Methods
To test these hypotheses we combined (a) amplicon sequencing, (b) targeted genome-scale metabolic models using genomes reconstructed from metagenomes, and
(c) meta-transcriptomics used to validate the results of the metabolic modelling. To
produce the targeted genome-scale metabolic models, we used MetaDraft, a novel
user friendly tool to generate metabolic networks from genomes.
Results
We reconstructed 103 bins (potential genomes) from metagenomes. Targeted metabolic modeling separated the community in two major groups as judged by their
potential to consume aromatic intermediates. Only a minor fraction of bins showed
the genetic potential for the first reactions necessary to degrade benzene. Further
transcriptomic analyses indicate that expression of that potential occurs for at least
one species in the bioreactor. Although approximately 200 species are present in
the bioreactor, a core microbiome composed of a few representatives could sustain
a balanced growth of the community in silico.
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Conclusions
Our data suggest that functional redundancy in our consortium combined with the
presence of grazers, scavengers and cheaters is responsible for the presence of a
much larger number of species than that presumably required for benzene degradation
OR05
Transcriptome-SIP of a hypoxic pollutant-degrading aquifer microbiome
L. Bradford1, B. Zhu1, G. Vestergaard2, A. Táncsics3, T. Lueders1
1
Helmholtz Zentrum München, Institute of Groundwater Ecology, Neuherberg,
Germany
2
Helmholtz Zentrum München, Research Unit Environmental Genomics, Neuherberg, Germany
3
Szent István University, Regional University Center of Excellence in Environmental
Industry, Gödöllö, Hungary
Stable isotope probing (SIP) of nucleic acids is a well-established approach in molecular ecology, with most RNA-SIP studies to date focusing on tracing key community components in complex microbiota via labeled 16S rRNA. However, the recent advent of mRNA-SIP opens the unique possibility to link specific transcripts in
complex systems to the metabolism of a particular isotopically-labeled substrate.
This technique has the potential to provide access to a wealth of process-relevant
gene expression, without the caveats of alternative non-target or probe-directed
methods.
Here, we successfully demonstrate the feasibility of total RNA-SIP for microaerophilic microcosms from BTEX-contaminated aquifer sediments exposed to 13C-labeled
toluene. We were specifically interested in the niche partitioning between aerobic
and anaerobic catabolic capacities under transitory redox. Because the low yield
of total RNA in SIP gradient fractions can impede downstream sequencing, we also
tested linear amplification of RNA for efficacy and skewing effects, as well as its
potential to enrich mRNA ratios in total RNA.
From the total RNA-seq reads (average 3x107 NextSeq500 reads per sample), an
average of 105 reads from each sample were identified as transcripts of functional
genes (~1-2 %). Transcript ratios for linearly amplified samples were not increased, and evidence for a systematic bias by post-gradient amplification of transcript
pools was apparent. Gene categories related to cell motility, secondary metabolite
formation and xenobiotics degradation were amongst the most highly 13C-labeled
transcripts. Marked 13C-labeling of abundant catechol 2,3-dioxygenase (C2,3-DO)
but not of C1,2-DO transcripts were in line with the hypothesis that the first could
be especially important in oxygen-limited, but nitrate-enhanced aerobic catabo-
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lism of aromatics. Uncultured members of the Rhodocyclaceae (related to Quatrionicoccus spp.) were amongst the most highly abundant and 13C-labelled in total
rRNA. This pioneering demonstration of the feasibility of transcriptome-SIP to a
complex groundwater microbiome reveals the untapped potential of this novel approach in targeted environmental transcriptomics.
OR06
Peat Acidobacteria encode the complete enzymatic machinery for dissimilatory
sulfate reduction
B. Hausmann1,2, C. Pelikan2, T. Glavina del Rio3, M. Albertsen4, P. H. Nielsen4
U. Stingl5, A. Loy2, M. Pester1
1
University of Konstanz, Departmant of Biology, Konstanz, Germany
2
University of Vienna, Vienna, Austria
3
Joint Genome Institute, Walnut Creek, United States
4
Aalborg University, Aalborg, Denmark
5
KAUST University, Thuwal, Saudi Arabia
Members of the phylum Acidobacteria are abundant in anoxic peat soils, which constitute one of the major emitters of the greenhouse gas methane. Little attention is
given to the fact that dissimilatory sulfate reduction is maintained by a hidden sulfur
cycle in these low-sulfate environments and effectively counteracts methane production. By using a genome-centric metagenomics approach, we retrieved seven
draft genomes of peatland Acidobacteria (completeness of 30-97%), which were affiliated to subdivisions 1 and 3. These draft genomes contained the common sulfite/
sulfate reducer marker genes dsrAB (coding for the dissimilatory sulfite reductase),
which were affiliated to an evolutionary deep-branching lineage within the reductive bacterial-type DsrAB. Genes encoding the two additional enzymes of the canonical pathway for dissimilatory sulfate reduction, sulfate adenylyltransferase (sat) and
adenylyl-sulfate reductase (aprBA), were found on three of these draft genomes
and were complemented by genes for the electron transfer proteins DsrC, DsrMKJOP, and QmoABC. This genome analysis was extended by a metatranscriptome
analysis of peat soil that was anoxically incubated with regular pulses of individual
short-chained fatty acids (SCFA) in the presence and absence of sulfate. Here, one of
the Acidobacteria had a higher transcriptional activity of sulfate-reduction related
genes under butyrate and sulfate amendments as compared to the incubations with
butyrate alone. All Acidobacteria genomes encoded a higher proportion of genes
with glycosyl hydrolase domains as compared to other sulfate reducers suggesting
a role in the degradation of polymeric carbohydrates in the peat matrix. Our results
uncovered a new, important metabolic trait of members of a phylum that is widespread and abundant in diverse anoxic ecosystems such as terrestrial wetlands.
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OR07
Linking metatranscriptomics to the kinetics of denitrification intermediates reveals causes of nitrous oxide emissions and nitrite accumulation in soil
N. Lim1, J. Shapleigh2, L. Bakken1, A. Frostegard1
Norwegian University of Life Sciences, NMBU Nitrogen Group, Aas, Norway
2
Cornell University, Department of Microbiology, Ithaca, United States

1

Nitrite and nitric oxide, being potentially toxic yet crucial in multiple N-transformations, need to be tightly regulated by microbial communities. Under anoxic
conditions, their concentrations are controlled by denitrification reductases for
NO2- (NirK and NirS), NO (cNor and qNor) and N2O (NosZ). Although there are
various pure culture studies detailing the regulation of denitrification intermediates by their respective reductases, such regulation has been less well-documented
for non-model organism denitrifying bacteria and in intact soil communities, partly
because PCR primers targeting denitrification genes only capture a fraction of the
community. Two soils from the same field site (pH 3.8 and 6.8) were anoxically
incubated in the presence of nitrate, and frequent measurement of headspace gas
revealed a transient accumulation of NO2-, NO and N2O in both soils. Complete
denitrification to N2 was observed only in the pH 6.8 soil. We analysed the metagenome and -transcriptome by assembling and phylogenetically classifying the
contigs with MEGAHIT and DIAMOND (using a self-curated denitrification database), respectively. nirK genes were >10 times more abundant than nirS in both soils,
contradicting our qPCR results, thus indicating a narrow range for existing nirK primers. Similarly, previously undetected cNor and qNor genes and transcripts were
detected in both soils, revealing a dominance of the quinol-dependent homologue
in both soils. Although nosZ genes were 1.4 times more abundant pH 6.8, transcript
levels at 0.5-3 h were comparable in both soils despite no corresponding N2O reduction at pH 3.8. This, and the lack of N2 production, strongly supported our hypothesis of a post-transcriptional effect of low pH on the N2O reductase. Based on
our phylogenetic analysis, Proteobacteria was identified as the major denitrifying
bacterial class present in the soil, and was highly active in both soils.
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OR08
Tree species select soil fungal communities harbouring different sets of lignocellulolytic enzyme-encoding genes
F. Barbi1, E. Prudent1, L. Vallon1, M. Buée2, A. Dubost1, A. Legout3, R. Marmeisse1
L. Fraissinet-Tachet1, P. Luis1
1
Université Claude Bernard Lyon 1, UMR CNRS 5557 Ecologie Microbienne, Villeurbanne, France
2
INRA, UMR 1136 Interactions Arbres Microorganismes , Champenoux, France
3
INRA, UR 1138 Biogéochimie des Ecosystèmes Forestiers, Champenoux, France
Tree species substitution and particularly the replacement of native deciduous forests by the coniferous species Picea abies is a common forestry practice in Europe.
Such tree monocultures, which provide only one type of litter, initiate a cascade of
events that lead to shifts in fungal communities. While many studies have evaluated the impact of tree cover on the taxonomic diversity of soil fungi, very few of
them have addressed their functional diversity. In forest soils, fungi are the main
organisms responsible for plant organic matter degradation and saprotrophic fungi
have developed different strategies to use plant cell-wall polymers as carbon sources. These strategies are characterized by different secreted enzyme cocktails and
led to the classification of saprotrophic species in different functional guilds. As
plant cell-wall composition differs between deciduous and coniferous tree, we hypothesized that fungal communities selected by different tree species may produce specific lignocellulolytic enzyme “cocktails”. In the present study, we have then
assessed the impact of tree species (Spruce vs Beech) on the diversity of four expressed fungal gene-families: one housekeeping gene (the elongation factor EF1α)
used as taxonomic marker and three key enzymes implicated in lignocellulose degradation selected as functional markers (GH7 cellulases, GH11 endoxylanases and
Class II peroxidases). This was performed by the high-throughput sequencing of
gene-fragments amplified from forest soil mRNA using fungal specific primers. As
observed for the composition of the active fungal community, tree species had
a strong effect on the nature of the fungal functional genes involved in the degradation of lignocellulose. Indeed, regardless of the gene family (GH7, GH11 or
Class-II peroxidases), 80% of the fungal transcripts were specifically found in one of
the two forest soils. Among the shared genes found under both tree species, less
than 6% had the same abundance in the two forests and more than 50% were at
least two times more abundant in one of the two forest ecosystems. These results
highlight that tree species, differing with respect to litter quality, select different
soil fungal communities expressing different sets of genes involved in plant organic
matter degradation.
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OR09
Anthropogenic impacts on soil microbiome: agricultural practices
D. Minz1, J. Kraut-Cohen1, S. Frenk 1,2, A. Zolti1,2, D. Lavi1, A. Kravtsov1, E. Argaman3
Y. Hadar2
1
Agricultural Research Organization, Rishon Lezion, Israel
2
Hebrew University, Plant Pathology and Microbiology, Rehovot, Israel
3
Soil Erosion Research Station, Soil Conservation & Drainage Division, Rishon LeZion, Israel
Soil bacterial communities have a key role in processes with environmental importance such as organic matter degradation and nutrient cycling. Some anthropogenic practices common in agricultural fields, such as tillage and irrigation, especially
with treated wastewater (TWW) may affect the microbial community directly or
indirectly by changing the biological, chemical and physical conditions in soil. Irrigation with TWW is continuously increasing in arid and semi-arid regions, and is
essential for the overall water management of many countries. However, the effect
irrigation with TWW on soil microbiology is practically unknown.
The long term effects of tillage and TWW irrigation on soil and rhizosphere microbiome was measured during several years of different field applications, using both
metagenomic and enzymatic assays of geochemical importance. The multiannual
results show that the structure and function of the bacterial community changed
during the period of TWW irrigation. However, during the following rainy season
the community returned to a “baseline” composition, which is similar to that of
freshwater (FW) irrigated controls. Surprisingly, the TWW effect on rhizosphere
microbiome was smaller than that of the soil type, and similar to that of the plant
type. In a long-term experiment, we found that the level of tillage correlates with
specific alterations in the microbial community structure and function.
OR10
Endophytic colonization from roots to seeds: ecology and how plants can benefit
A. Sessitsch1, B. Mitter1, C. Escobar-Rodriguez1, N. Pfaffenbichler1, S. Compant1
L. Antonielli1, F. Trognitz1
1
AIT Austrian Institute of Technology, Tulln, Austria
Plants are associated with highly complex microbiomes. The rhizosphere is a hot
spot of microbial diversity and activity due to the availability of root exudates, which
serve as nutrients. Several rhizosphere colonizers may also enter roots and colonize as endopyhtes intercellular spaces and xylem vessels. Once established within
roots, endophytes may systemically colonize other plant tissues such as stems, lea-

68

ABSTRACTS
ves and even reproductive organs. Working with different plant species such as
rice, maize and the model plant Setaria viridis, we have found highly tissue-specific
microbial communities indicating high sensitivity and response to the distinct physiological conditions encountered in different plant tissues. Of particular interest
are seed endophytes. They show rather low complexity, but represent important
members of the next generation plant and may be highly important for early plant
establishment. By analysing microbiomes associated with different tissues of Setaria viridis and S. pumila collected at different locations in Austria we revealed
information regarding the origin and ecology of seed-associated microbiota.
We further addressed the question how seed endophyte communities can be manipulated and developed an approach to integrate a strain of interest into seed
with the aim to establish in next generation plants. For this approach we chose the
model endophyte strain Paraburkholderia phytofirmans PsJN. This strain is able to
efficiently colonize different plant tissues, promote plant growth and enhance plant
tolerance to drought stress. We will show results using this strain from lab to field
including genome and transcriptome analysis as well as seed microbiome manipulation and field application.
OR11
Are fungal diversity and associated functions differentially regulated by host
tree phenology and other environmental parameters?
M. Buée1, E. Sentausa1, P. Luis2, E. Prudent2, O. Rué3, V. Loux3, A. Legout4
A. Kohler1, R. Marmeisse2, F. Martin1
1
INRA, UMR 1136 IAM, Champenoux, France
2
Université Claude Bernard Lyon 1, UMR CNRS 5557 Ecologie Microbienne, Villeurbanne, France
3
INRA, MaIAGE Unit, Jouy-en-Josas, France
4
INRA, UMR 1138 BEF, Champenoux, France
Forest ecosystems represent one of the most significant global carbon sinks. The
seasonality of tree photosynthesis can strongly affect the soil microbiome, the Ccycling processes. Soil fungi play key roles in these processes, acting as decomposers of organic material or regulators of plant productivity for mycorrhizal symbionts. In this context, we estimated the impact of host tree phenology on fungal
diversity and / or associated functions (eukaryotic functional diversity). In this aim,
we proposed to perform a high-throughput analysis (Illumina Hi-seq) of soil eukaryotic metatranscriptomes sampled in a French beech forest during two seasons:
in summer (peak of photosynthesis activity and total non-structural carbohydrate
availability) and in autumn, just after leaf-fall (storage of C reserves). This analysis of
poly-A mRNA regulation was coupled with two other meta-omics approaches: me-
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tabarcoding on fungal ITS and total rRNA analysis. Our results revealed that taxonomic diversity of fungal community was drove first by spatial heterogeneity of soil
forests (>50% of PCoA axe 1). Then, seasonal differences in the fungal taxonomic
composition were also significant, but this factor was less important than the local
heterogeneity of soil parameters (about 20% of PCoA axe 2). Interestingly, the analysis of fungal and eukaryotic functional diversity, thanks poly-A mRNA sequencing,
showed a significant and primary influence of season (about 40% of PCoA axe 1),
largely higher than the impact of soil spatial heterogeneity. These results suggested
a strong functional redundancy within the fungal species of these communities.
Moreover, focusing on Carbohydrate-Active Enzymes (CAZymes), we demonstrated
that Glycosyl Transferases (GT) and Glycoside Hydrolases (GH) were differentially
regulated between the two seasons. The up-regulation of GH in autumn supported
our previous studies obtained with enzymatic approaches. All these results confirm
the determinant contribution of the soil fungi in carbon cycling, as an extended
phenotype of the tree. In perspective, we will present the research program Metatranscriptomics of Forest Soil Ecosystems (CSP of JGI), which could provide an integrative overview of the tree/root microbe nutrition and soil carbon sequestration
in these ecosystems.
OR12
Changes in soil biodiversity and ecosystem function in a chronosequence of longterm experimental forest soil warming experiments revealed by community RNA
J. Blanchard1,2, W. Rodriguez1, L. Alteio1, A. Billings3, K. DeAngelis1,3
L. van Diepen4,5, S. Frey4, J. Melillo6
1
University of Massachusetts Amherst, Graduate Program in Organismal and Evolutionary Biology, Amherst, United States
2
University of Massachusetts Amherst, Biology, Amherst, United States
3
University of Massachusetts Amherst, Microbiology, Amherst, United States
4
University of New Hampshire, Natural Resources, Durham, United States
5
University of Wyoming, Ecosystem Science and Managemen, Laramie, United States
6
Marine Biological Laboratory, Woods Hole, United States
Introduction
The Harvard Forest site is home to three experimental soil warming sites heated
continuously to 5° C above ambient. When taken together, the three soil warming
experiments at the Harvard Forest make up a unique, dynamic time sequence, or
chronosequence, based on a common perturbation in a single ecosystem type.
Objectives
To relate changes in CO2 emissionsto changessoilcommunity composition andphysiologyusinga chronosequence of warming experiments.
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Materials & Methods
Foursoil samples were takenfrom control and warmed plots in each of the threeexperiments. RNA were extracted from the soil samples and submitted tothe Department of Energy’s Joint Genome Institute (JGI)for sequencing. Protein-coding
genes were annotated to taxonomy using the DIAMOND algorithm, an advanced
blastX approach, and annotated to functional categories using the SEED, KEGG and
InterPRO databases.The resulting data was imported in R for statistical analyses.
Result
The metatranscriptomic sequencing results included a diverse representation ofthesoil organismal community including RNA viruses, archaea, bacteria, protists,
fungi, invertebrates and plants,a view that we would expect to see in a canonical
soil food web illustration.Warming has resulted in a significant decrease in eukaryotic transcripts relative to bacteria. With relative losses in transcript abundance in
classes of ascomycetes, basidomycetes and arthropods and increases in bacterial
taxa.Cellular and ecosystem functions have been effectedwith respect to warming,
including thoserelated to protein stability, selfish genetic elements, toxin resistance, and biogeochemical cycling (C, N, P, S, Fe).
Conclusions
Continued elevated CO2 emissions coupled with progressive changes in soil community structure and function with long-term experimental warming suggest the
effects of rising global temperatures are unlikely to be ephemeral and will produce
complex ecological feedbacks.
OR13
Distinct microbial communities associated with cryoturbated organic matter in
the Arctic permafrost soils
J. Barta1, T. Urich2, A. Gittel3, C. Schleper4, G. Guggenberger5, H. Santruckova1
A. Richter6
1
University of South Bohemia, Department of Ecosystem Biology, Ceske Budejovice,
Czech Republic
2
University of Greifswald, Institute for Microbiology, Greifswald, Germany
3
Aarhus University, Department of Bioscience - Center for Geomicrobiology, Aarhus,
Denmark
4
University of Vienna, Department of Ecogenomics and Systems Biology, Vienna, Austria
5
Leibniz Universität Hannover, Institut für Bodenkunde, Hannover, Germany
6
University of Vienna, Department of Microbiology and Ecosystem Science, Vienna,
Austria
Arctic permafrost soils contain more than 1300 Pg of organic carbon (C) about half
of the global soil C and twice as much as is currently contained in the atmosphere.
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Substantial amount of this C is stored in buried pockets of organic matter (OM) by
the process of cryoturbation. Cryoturbated soils contain more than one third of the
arctic soil C. However, the information about their decomposability is scares. Besides abiotic conditions, microbial community structure and the accessibility of OM
to the decomposer community are hypothesized to control OM decomposition.
We have recently described the composition of microbial communities in cryoturbated OM using high-throughput amplicon barcoded sequencing (MiSeq platform)
and quantification of bacterial, archaeal and fungal marker genes.
We found that bacterial abundances in cryoturbations were as high as in organic
topsoils and correlated with the amount of C and N. However, fungi decreased
mainly with soil depth and were significantly lower in cryoturbations than in topsoils. Bacterial community in cryoturbated OM was dominated by Actinobacteria
while fungal community profiling revealed a decrease in ectomycorrhizal fungi
(ECM).
In summary, our study demonstrates that microbial community structure in buried
topsoil horizons is distinct from that in unburied topsoil and the surrounding mineral subsoil horizons. Opposing trends in bacterial and fungal abundances were
manifested in remarkably low FB ratios in buried topsoil horizons. The decrease in
abundance of ECM fungi and the extent to which bacterial decomposers are able to
act as functional substitutes in SOM transformations are proposed as microbial key
factors in the retarded decomposition of SOM in buried soils of Northern latitude
permafrost regions.
OR14
Fire alters the phylogenetic structure of soil bacterial co-occurrence networks
M. Goberna1, E. Pérez-Valera1, K. Faust2, J. Raes2, C. García3, M. Verdú1
1
CIDE-CSIC, Moncada, Spain
2
VIB Center, Brussels, Belgium
3
CEBAS-CSIC, Murcia, Spain
Introduction
Fire alters the composition and community structure of soil bacteria. The phylogenetic structure of a community provides clues about its main assembly mechanisms:
environmental filtering reduces the phylogenetic diversity by selecting for functionally (and hence phylogenetically) similar species, while processes like competitive
exclusion by limiting similarity tend to increase it by preventing the coexistence of
functionally (and phylogenetically) similar species. We propose that combining this
phylogenetic framework with co-occurrence network analysis, which allows detecting
co-presence (bacteria that co-occur) and exclusion (bacteria that do not co-occur)
links, might help unravel the relative contribution of community assembly processes.
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Objectives
We aimed to inspect the phylogenetic structure of co-presence and exclusion links
in soil bacterial co-occurrence networks in order to detect how fire alters the main
processes assembling the communities.
Materials & Methods
We sampled surface soils before and during one year after an experimental fire.
We pyrosequenced the 16S rRNA gene to reconstruct bacterial phylogenetic relationships and co-occurrence networks. We analysed the pre- and post-fire evolution
of soil bacterial communities, and the phylogenetic relatedness of bacteria in copresence and exclusion links.
Results
Both co-occurring and not co-occurring bacteria were evolutionarily closer than
expected by chance. Our theoretical simulations supported that close phylogenetic relatedness of co-occurring bacteria results from environmental filtering, while
that of not co-occurring bacteria reflects competitive exclusion by limiting similarity. There was a significant interaction between the link type and the time since fire,
because the phylogenetic relatedness of co-presence links was initially higher than
that of exclusion links but the opposite trend occurred 1 month after fire. Initial
trends recovered after one year.
Conclusion
Environmental filtering and limiting similarity operate simultaneously, and fire alters their relative importance, to assemble soil bacterial communities. Our results
widen the traditional view that only environmental filtering structures bacterial
communities.
OR15
Effect of long-term overuse of nitrogen fertilizer on soil microbial community
revealed by metagenomic sequencing
R. Sun1, F. Wang1, Y. Wang1, C. Hu1, B. Liu1
Chinese Academy of Sciences, Center for Agricultural Resources Research, Institute of Genetics and Developmental Biology, Shijiazhuang, China
1

China is the world’s largest chemical fertilizer consumer, overuse of chemical nitrogen fertilizers for enhanced soil fertility and crop productivity has resulted in nitrate
contamination in groundwater, elevated greenhouse gas emission, soil acidification
and a plethora of unexpected environmental impacts. Although the phenomenon
has attracted considerable attention from the scientific community and a number
of studies have been focused on the altered soil physico-chemical properties, how
these increased N availability affect microbial communities are still unclear. We utilized multidisciplinary approaches to assess the effect of nitrogen fertilizer over-
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use in a long-term (~20 yrs) field experiment under summer maize/winter wheat
double cropping system in China North Plain, which is one of the most intensive
agricultural region in China.
Metagenome sequencing generated about 1tb data for 24 samples (~40G pre soil)
which were collected in triplicate from four fertilization treatments (0, 200, 400,
600 kg N ha-1 yr-1) in both summer and winter season. A set of N-cycle genes involved in nitrogen fixation, nitrification and denitrification were assembled and annotated. The quantity of functional genes was calculated based on the abundance
of contigs assigned to each functional gene. Q-PCR was also performed for the
corresponding genes with commonly used primers. Higher copy number was generated from metagenomic data than from Q-PCR for most of the genes, indicating
that Q-PCR could underestimate the gene abundance due to the selectivity of the
primers. The abundances of amoA gene (encoding ammonia oxidizing monooxygenase) from archaea and most denitrification genes were positively correlated with
the fertilization intensity, suggesting that nitrifiers and denitrifiers were enriched
by nitrogen input. Phylogenetic composition of each functional group was assessed
by assigning the taxonomy information to each contig through alignment with a
functional gene database derived from FunGene pipeline. The key players in each
N-cycle process were identified. Phylogentic composition of the metagenomes
was assessed by assembly of the Rplb gene (50S ribosomal protein L2 gene) and it
showed that copiotrophic bacteria was enriched with the high fertilizer application
rate. Overall, our results demonstrated profound influences of nitrogen fertilizer
application on the diversity and abundance of microorganisms in nitrogen cycle.
Results obtained from metagenomic sequencing should allow us to achieve more
precise estimate of abundance and phylogenetic composition of the functional
groups due to avoiding the bias generated from PCR and to facilitate more precise
understanding of the ecological behavior of the functional populations
OR16
100 years of copper contamination impact the soil microeukaryotic community
S. Santos1, I. Nunes1, S. Jacquiod1, S. Geisen1, T. Nielsen1, A. Johansen1, L. Hansen1
A. Primé1, S. Sørensen1, A. Winding1
1
Denmark, Environmental Science, Roskilde, Denmark
In copper exposed agricultural soils the structure of microbial communities is altered, with direct repercussions on soil biological functions and ecosystem services.
Fungi, protists and other soil microeukaryotes play major ecological roles in terrestrial ecosystems as primary producers, predators, parasites, and decomposers.
Hence, the effect of copper on microeukaryotes is important for understanding
the effect of copper contamination on the soil ecosystem functioning and servi-
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ces. At the former agricultural site at Hygum (Denmark), copper is found as the
single contaminant, introduced by wood impregnation activities performed a century ago. Today, a stable contamination gradient with concentrations ranging from
background 20 mg Cu kg-1, over semi-contaminated at ≈500 mg Cu kg-1 to highly
toxic levels of 4 g Cu kg-1, can be found. As copper is highly persistent in the environment and bioavailable long after application, we hypothesized that this heavy
metal still affects the soil eukaryotic community.
The aim of this study was to assess the long-term effects of copper contamination
on the structure of the transcriptionally active soil microeukaryotic community. For
that, qPCR to investigate the copy number abundance as a proxy of organism abundance and amplicon-based approach targeting the V4 region of the 18S rRNA gene
and the respective transcripts were applied.
The total (DNA) and the potentially active (RNA) eukaryotic community structure
differed between the three copper contamination levels, reflecting a probable selection over a century. Moreover, qPCR showed lower eukaryotic 18S rRNA gene
abundance in the most contaminated samples. The exposure to higher copper concentration resulted in probable selection of fungi and protists with specific strategies and lifestyles , as previously described for bacteria. The selection can be either
directly through the copper effect or as prey/predator co-evolution. In conclusion,
we have shown that long-term exposure to copper contamination has strong effects on the soil protists and fungi, probably effecting the soil food web and the
community functioning.
OR17
Functional diversity and mining of genes from soil metagenomes: Case study
with ring hydroxylating dioxygenases
J. Suman1, M. Strejcek1, J. Wald1, J. Capek1, T. Cajthaml2, T. Macek1, O. Uhlik1
University of Chemistry and Technology, Prague, Department of Biochemistry and
Microbiology, Prague, Czech Republic
2
Institute of Microbiology, Czech Academy of Sciences, Prague, Czech Republic
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Describing functional diversity in soil environments through metagenomics remains
challenging, mostly because of extensive diversity harbored in the soil. Stable isotope probing (SIP) enables a reduction of community complexity and allows one
to target metagenomics on populations involved in a particular metabolic process.
Such a reduced metagenome is a potential source for the discovery of enzymes
with unusual substrate specificities.
Our objective was to utilize SIP with different aromatic substrates for the characterization of functional diversity of metabolically active populations in pristine and
contaminated soils, including isolation of aromatic ring hydroxylating dioxygenase
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(ARHD)-coding genes and functional characterization of respective enzymes.
Diversity description proceeded through ARHD-targeted sequencing followed by
bioinformatic analyses incorporating a newly proposed FrameBot de novo tool,
which performs data correction exploiting sequence abundance information. Finally, in house modified inverse PCR was used to isolate entire ARHD-coding sequences, which were functionally characterized through heterologous expression
in E. coli.
Our results indicate that different sequences of ARHDs were found in investigated
soil metagenomes, pointing out to functional speciation or adaptation of the genes/enzymes to different substrates. Interestingly, the pristine soil is shown to harbor enzymes with wider substrate specificities towards anthropogenic compounds
compared to those found in the contaminated soil. Furthermore, FrameBot de
novo permits efficient frame shift correction of all sequences in a dataset. Reliance
on references, which can result in the exclusion of a significant number of sequences from the analysis due to incompleteness of databases, is thus overcome.
Our work points out to interesting patterns of functional diversity of ARDHs in different soils. Further research needs to be done to fully specify the range of substrates
which can be transformed by the isolated RHDs, including secondary metabolites
of plants. Our workflow also demonstrates a less labor intensive option for mining
functional genes than screening metagenomic libraries.
Funding is acknowledged of the Czech Science Foundation project no. 15-02328S
and UCTP inner grant no. 320 017 660
OR18
Discovery of Biocatalysts through Functional (Meta)Proteomics
P. Sukul1, S. Schäkermann2, M. Nowrousian3, A. Kusnezowa1, J. Bandow2
L. I. Leichert1
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3
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Introduction
The environmental microbiome is a rich source of novel biocatalysts. However,
traditional methods of identifying biocatalysts through direct screening of organisms are limited, as over 99% of the existing microorganisms are thought to be
uncultivable in the lab. This represents a major hurdle for biocatalyst discovery
from microbiome, especially from complex sources like soil, where it is estimated
that a single gram of soil may contain up to 18000 unique organisms. Culture-independent metagenomic methods bypass such limitations due to their unbiased
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approach. Nevertheless, the established methods for this approach have their own
set of challenges. Function-based screening of metagenomic expression libraries is
time consuming and has low success rates (typically less than 1 hit in 105 clones).
In-silico screening for known motifs is strictly “what you search, is what you get”,
making it difficult to find truly novel biocatalysts.
Objectives
Our objective is to develop an approach that combines the sequence diversity of
metagenomic data with the immediacy of functional metaproteomics.
Methods
Our workflow includes the direct activity-based discovery of biocatalytic enzymes
which can then be identified using mass spectrometry by searching against a metagenomic DNA library obtained from the very same environmental sample.
Results
Among the biocatalysts that have already been identified are two serine-hydrolases
homologous to known lysophospholipase TesA and nine uncharacterized thioesterases, both from Pseudomonas species. Furthermore, a lipid hydrolase was identified that was previously unknown. It was synthesized and is being currently characterized.
Conclusion
The proposed method combines the unbiased metagenomic diversity with straightforward activity-based screening. Our results show the applicability of such an approach for the discovery of novel biocatalysts.
OR19
Life in competition in soil meta-organism: low number of the winners
E. Blagodatskaya1,2, S. Blagodatsky3,2, Y. Kuzyakov1
1
Georg-August University, Dept. of Agricultural Soil Science, Göttingen, Germany
2
Institute of Physicochemical and Biological Problems in Soil Science, Pushchino,
Russian Federation
3
University of Hohenheim, Institute for Plant Production in the Tropics and Subtropics, Stuttgart, Germany
Progress in DNA sequencing opened new horizons in our knowledge about size and
diversity of soil metagenome. This knowledge, however, is still far away from linking
microbial diversity with functions of microbial community (Prosser et al, 2007; Nesme et al., 2016). We suggest a concept integrating the functioning of soil as a metaorganism considering current development of omics- techniques (i.e., genomics,
transcriptomics, proteomics, metabolomics). Based on achievements combining
molecular approaches with stable isotope applications (e.g., 13C, 18O), a concept
of soil meta-organism explains how enormous genetic diversity of dormant micro-

77

ABSTRACTS
organisms is expressed in functional activity of several dominating species, which
were successful in competition for resources (Fig. 1). According to this concept,
only few populations outcompete the active but less abundant microbial groups in
soil where microbial life is suppressed by environmental constrains. Under substrate or nutrients limitation, the majority of microbial species maintain a potential
activity, but their contribution to ongoing biochemical processes is very limited.
Therefore, expression of microbial activity in the soil is site-specific (Berg and Smalla, 2009); it is mainly mediated by unique, and not by shared genes (Hultman et al.,
2015). Very low number of specific groups are able to respond immediately to environmental changes, e.g., to substrate input. This explains a paradox often observed
by stable isotope probing when only single taxonomic groups responded to addition of labile (glucose) or polymeric (chitin) compounds common in soil (JohnsonRollings et al 2014; Debode et al 2016). However, in soil habitats with sufficient and
regular substrate input, where the competition for resources is reduced, microbial
community switches from single to multiple species dominance (Mau et al., 2014)
demonstrating very diverse multi-functional activity.
The contemporary progress of omics-approaches in distinguishing the pools and
sources, location, regulation, and visualization of microbial activity within soil meta-organism will be addressed in this presentation
Fig. 1. Concept of active and dormant microorganisms in soil demonstrating that
realization of large genetic potential is restricted by environmental control and is
mediated by microbial competition
Figure 1
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Lessons from sponge metagenomics - how to dissect passive food from active
symbionts?
J. D. van Elsas1, M. Chaib De Mares1, D. Sipkema2
University of Groningen, Department of Microbial Ecology, Groningen, Netherlands
2
Wageningen University, Laboratory of Microbiology, Wageningen, Denmark
1

Sponges, in particular demosponges, harbor rich bacterial communities. These
communities can conceptually be divided in passive ‚food‘ or active functional‘.
Meta-omics methods have been widely applied to shed light on the prokaryotes
associated to sponges, and so literally millions of sequence reads - both from metagenomics and metatranscriptomics - have been produced, either via amplicon
sequencing or via shotgun metagenomics approaches. Now, the crux of these approaches is to make sense of the ‚big data‘ that have been gathered, leading to
breakthroughs in our conceptual understanding of the system studied and so to
future paths of investigation. Here, we address the prokaryote symbionts of the
demosponge Aplysina aerophoba, in two divergent environments. We generated
big data to sufficiently cover a complex microbial environment and used current
binning methods based on a combination of both metagenomics and metatransciptomics data sets. This approach allows us to dissect the prokaryotic inhabitants
of the sponge into (1) food, and (2) active prokaryotes. Navigating the sea of big
data is facilitated by moving beyond potential to active functions assigned to particular groups and interpreted in the context of the biological system under study.
Key words: Sponge, Aplysina, combined meta-omics, symbiosis
OR21
Back to the roots - Dynamics of the barley associated microbiome in time and space
V. Radl1, A. Schoeler1, D. Baraniya2, L. Yang1, J. Diehm1, G. Vestergaard1
P. Nannipieri2, M. Schloter1
1
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Microbes associated to plants provide unique traits, including nutrient mobilization, plant growth promotion, pathogen defense, which ensures the survival of
plants even under contrasting environmental conditions. Thus the plant microbiome has been considered as the “plants` second genome”. Since the first description
of the rhizosphere in 1904 by Lorenz Hiltner, it has been postulated that plants are
able to select their microbiome from the large diversity of soil microorganisms by
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root exudation. However besides the rhizosphere microflora also root endophytes
play a very important role for plant performance. It is obvious that here other mechanisms than root exudates are responsible for selection, as microbes colonize
the root interior and form very tight interactions with root cells, which requires a
sensitive regulation of both microbial abundance and activity to avoid damaging of
root cells and subsequent cell death.
We investigated, using barley as model, plant cultivar depending differences in the
endophytic microbiome of root endophytes and the link to the microbiome of the
seeds using a metagenomic approach. We could show that at early plant development stages the seed microbiome acts as driver for the microbiome of root
endophytes. At later stages, obviously by lesions of root hairs, also microbes from
the rhizosphere can enter the root and become member of the microbiome of
root endophytes. Differences mainly at early plant development stages between
cultivars were low, differences at later plant development time points were mainly
related to soil type and soil management.
We also studied the expression of microbial genes during day and night, here focusing on the rhizosphere of barley using a metatranscriptomic approach. We could
show that mainly genes related to carbon and nitrogen metabolism were differentially expressed and responded to the changed availability of plant derived carbon
during day and night.
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P01
AmQuery: create fast databases of amplicon libraries.
AmQuery allows users to compare hundreds of samples in a matter of minutes
and to maintain databases with seamless sample insertion and search. It is heavily optimized for large datasets and was developed to match UniFrac results
without the hassle of OTU-picking and tree-construction.
I. Korvigo1, N. Romaschenko*, E. Andronov1
All-Russia Research Institute for Agricultural Microbiology, St. Peterburg, Russian
Federation

1

Introduction
High-throughput sequencing of amplicon libraries has become a very popular way
of assessing the structure of microbial communities. As the number of published
16S libraries keeps growing so does the demand for a way to quickly process samples and find related communities similarly to the way BLAST is used for individual
sequences. Amplicon libraries contain many thousands of reads, making clusteringbased pipelines, implemented in tools such as QIIME [doi: 10.1038/nmeth.f.303],
inapplicable to large databases. This is why we developed Amplicon Query.
Objectives
We show that standard pipelines have theoretical limits preventing their application in large databases. We show that our tool, being developed with large projects
in mind from the ground up, allows users to create and maintain databases with
BLAST-like search and optimized resource consumption.
Materials & Methods
Benchmark dataset. We used 250 amplicon libraries of various distant soil communities with 1-10k reads per sample.
Algorithm. We represent samples as sparse arrays of k-mer counts using lexicographic ranks. Our distance metric is the square root of the Jensen-Shannon divergence. We’ve developed a base-sample search algorithm that finds a near-orthogonal basis for a Euclidean-like sample-space by maximizing information gain.
Combined with a Vantage Point tree it allows for fast sample insertion and neighbor
search.
Performance estimation. We measured accuracy as the average Spearman correlation between neighbor-ranks assessed for samples based on weighted UniFrac
[doi: 10.1128/AEM.71.12.8228-8235.2005] and Euclidean distances in our coordinate system.
Results
Accuracy. Neighbor ranks retrieved from our system match weighted UniFrac results with 0.91 Spearman correlation on the average. For additional results see
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Figure 1.
Time. Our tool required 15 minutes of CPU-time and less than 1GB of RAM on the
average to complete the benchmark, while a standard QIIME pipeline required 180
minutes of CPU-time and over 10GB of RAM on the average.
Conclusion
AmQuery allows users to compare hundreds of samples in a matter of minutes and
to maintain databases with seamless and fast sample insertion and instant search,
providing a good approximation of weighted UniFrac.
Figure 1
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Describing the Core Root-Associated Microbiomes of Maize and Soybean:
Structure and function of root-associated microbiomes in corn and soy as revealed by comparative metagenomics
T. Richardson1, R. Williams2, A. Schwarz1, L. Soriaga1, J. Kerovuo2, M. Dimmic2
1
Synthetic Genomics, San Diego, United States
2
Monsanto, St Louis, United States
Soil microorganisms interact with root surfaces (rhizosphere) and within root tissues (endosphere), affecting host plant productivity and driving soil biogeochemistry.
Zea mays L. (corn) and Glycine max L. (soybean) together are the most dominant
important agricultural products globally. The root-associated microbiomes of these crops can therefore influence microbial biodiversity and functional capacity of
soil on a global scale. However, in depth characterization of these microbiomes
currently does not exist. In this study, we have sampled corn and soybean root
associated microbiomes (rhizosphere and endosphere) across the central US
through amplicon sequencing (16S rRNA) and shotgun metagenomics. We generated high quality assembled reference metagenomes for corn (7.8 Gb) and soy
(4.7 Gb) root-associated microbiomes that are the largest to date. Soy microbiomes were enriched in Rhizobiales and nitrogen fixation genes, following classical
models of legume-rhizobia mutualisms. The root-associated microbiomes of corn
were more diverse and enriched in a variety of nutrient acquisition strategies, suggesting that multiple nutrient limitation creates more niche space for specialists to
coexist within. Our reference metagenomes represent a resource that will assist
in determining microbial-based targets for improving agricultural productivity and
sustainability
P03
Poking around in microbial dark matter
J. Vollmers1, J. Pratscher2, M. Frenhup1, A. K. Kaster1
Leibniz Institute DSMZ, Junior Research Group Single Cell Genomics, Braunschweig, Germany
2
University of East Anglia, Norwich, United Kingdom
1

Introduction
The majority of existing microorganisms still remains uncultured, obscuring our
knowledge of microbial diversity, metabolic potential and evolutionary histories.
The constant improvement of next generation sequencing techniques as well as
evolving assembly and analysis pipelines make meta-genomics a powerful tool to
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probe biological “dark matter”1. However, Computational resources and bioinformatic background knowledge are often limiting factors for microbiologists. Choosing the most appropriate tools from the available range of choices can be a challenging task for non-bioinformaticians.
Objectives
In order to aid the microbial scientific community, we evaluated the currently
available metagenomics assembly tools in terms of ease of use, computational
requirements, available documentation and their effect on the interpretation of
phylogenetic and functional diversity, using highly diversity Marburg forest soil and
low diverse marine Kelp biofilm samples as examples.
Methods
DNA extracts from Marburg forest soil and Kelp Biofilm samples were sequenced
on Illumina® HiSeq and MiSeq platforms. A range of publicly available tools were
used to conduct assemblies, and different binning methods were employed to attempt partial genome reconstruction of single community members. The employed
tools were then evaluated based on assembly statistics, specificity and captured
diversity as well as user friendliness, and computational requirements.
Results
We show that the choice of assembly pipeline and analysis tools greatly affects the
observed phylogenetic and functional composition of metagenome datasets.
Conclusion
Metagenomic data can give valuable insights into uncultured bacterial populations.
However, the applied assembly and analyses pipelines should be fine-tuned not
only for the available computational resources but also for the specific research
goal.
P04
SEED v2.0 - an improved GUI based user friendly sequence editor and pipeline
for high-throughput amplicon data
T. Vetrovsky1, P. Baldrian1
Institute of Microbiology of the CAS, v.v.i., Ecology, Prague, Czech Republic

1

There are many well established pipelines for amplicon data analyses, but most of
them are command line based and thus harder to comprehend and handle by biologists without background in bioinformatics. The SEED (http://www.biomed.cas.
cz/mbu/lbwrf/seed/) is a free to use GUI-based sequence editor and pipeline for all
Windows platforms with 64-bit architecture (1, Figure 1).
SEED was created to provide an intuitive interface for fast bioinformatic analysis
of PCR amplicons from NGS according to the suggested workflow (e.g. fungal ITS
regions, bacterial 16S rDNA or other target genes). In version 2.0 the primary task
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was to develop pipeline fully optimized for Illumina data to allow comfortable work
with up to several millions of sequences on a standard personal computer.
The program was written in object Pascal and its optimal performance is comparable to other compiled languages and current versions of external programs were
implemented for specific tasks such as clustering to OTUs or ITSx extraction. To
speed up the program functions all the data are stored in computer RAM which
limits the size of data possible to process, however on a computer with 16 GB RAM
a whole Illumina MiSeq run can be easily processed.
New version 2.0 has a wide array of functions including editing of sequences
and their titles, sorting, quality trimming, pair-end joining, grouping of sequences based on sequence motifs or sequence titles, batch processing of sequence
groups, chimera removal, ITS extraction, sequence alignments and clustering, OTU
table construction, construction of consensus sequences, creation of local databases for BLAST and searching within them or in the whole NCBI, retrieval of taxonomical classification from the NCBI, calculation of diversity parameters and newly it
also contains construction and editing of phylogeny trees.
We believe that the program will be useful tool not only for processing of highthroughput amplicon data but also for fast and easy editing and formatting of any
large sequence datasets under the Windows environment.
(1) Větrovský, T. and P. Baldrian (2013). „Analysis of soil fungal communities by amplicon pyrosequencing: current approaches to data analysis and the introduction of
the pipeline SEED.“ Biology and Fertility of Soils 49: 1027-1037.
Figure 1: GUI-based sequence editor and pipeline SEED v2.0.
Figure 1
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Taxonomic and functional shifts of beech rhizosphere microbiome along a natural soil toposequence
S. Uroz1, Y. Colin1, O. Nicolitch1, M. P. Turpault1, J. van Nostrand2, J. Zhou2
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2
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The wide distribution of plants in different soil types suggests that they developed
adaptive strategies to deal with variable pH and nutrient availability. Such adaptations may be linked to physiological modifications of the plants themselves, but
also to the selection of specific microorganisms capable of improving their nutrition. However, it has been rarely questioned as to whether the enrichment of
specific taxa evidenced in the rhizosphere of a given plant species changes with
different soil types under field conditions and never for trees. Understanding the
tree microbiome interactions is essential as contrary to annual plants, tree species
need decades to grow and strongly depend on the nutritive resources of the soil.
In this context, we tested in a natural toposequence the hypothesis that beech
trees select specific taxa and functions in their rhizosphere based on the soil conditions and their nutritive requirements. Our 16S rRNA gene pyrosequencing analyses revealed that soil type determines the taxa colonizing the beech rhizosphere.
Whether a rhizosphere effect was observed in each soil type, a stronger effect was
observed in the nutrient-poor soils. Although the communities varied significantly
along the toposequence, we also identified a core beech rhizosphere microbiome.
Functionally, GeoChip analyses evidenced a functional redundancy along the toposequence, with genes related to nutrient cycling and to the bacterial immune
system significantly enriched in the rhizosphere. Altogether, data suggest that whatever the soil conditions trees enrich variable bacterial communities to maintain
functions necessary for their nutrition.
P06
Dead fungal mycelium in forest soil represents decomposition hotspot and a
habitat for a specific microbial community
V. Brabcová1, M. Nováková1, A. Davidová1, P. Baldrian1
Institute of Microbiology of the ASCR, Laboratory of Environmental Microbiology,
Prague, Czech Republic

1

Turnover of fungal biomass in forest litter and soil represents an important process
in the environment. To date, knowledge of mycelial decomposition has been de-
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rived primarily from short-term studies, and the guild of mycelium decomposers
has been poorly defined. In our study, we followed the fate of the fruiting bodies
of an ectomycorrhizal fungus in litter and soil of a temperate forest over 21 weeks.
The community of associated microbes and enzymatic processes in this specific
substrate were described using 454 pyrosequencing, qPCR, extracellular enzyme
activity measurement along with the degradation rate and basic chemical changes
of the decomposing mycelia. The decomposition of fungal fruiting bodies exhibited biphasic kinetics. The rapid initial phase, which included the disappearance of
DNA, was followed by a slower turnover of the recalcitrant fraction. Compared with
the surrounding litter and soil, the mycelium represented a hotspot of activity of
several biopolymer-degrading enzymes and high bacterial biomass. Specific communities of bacteria and fungi were associated with decomposing mycelium. These
communities differed between the initial and late phases of decomposition. The
bacterial community associated with decomposing mycelia typically contained the
genera Pedobacter, Pseudomonas, Variovorax, Chitinophaga, Ewingella and Stenotrophomonas, whereas the fungi were mostly nonbasidiomycetous r-strategists of
the genera Aspergillus, Penicillium, Mortierella, Cladosporium and several others.
Decomposing ectomycorrhizal fungal mycelium exhibits high rates of decomposition and represents a specific habitat supporting a specific microbial community.
The decomposition of mycelium of 12 different fungal species were followed in
similar litterbags experiment to describe the inter-species differences in mycelia
decomposition.
P07
Short-term effects of minerals on the structure and weathering potential of soil
bacterial communities under different tree stands
Y. Colin1, O. Nicolitch1, M. P. Turpault2, S. Uroz1,2
UMR1136 INRA-Univ Lorraine ‘Tree microbes interactions’ (IAM), Centre INRA de
Nancy, Champenoux, France
2
UMR1138 INRA ‘Biogeochemistry of forest ecosystems’ (BEF), Centre INRA de
Nancy, Champenoux, France

1

Although minerals represent an important part of the soil constituents, their relative impact on the diversity and structure of the soil microbial communities remains
poorly documented. In our study, pure mineral particles varying in their mineral
chemistry and weatherability (i.e., obsidian, apatite and calcite) have been used.
Each mineral type was conditioned in mesh bags and incubated in soil conditions
below different tree stands (beech, coppice with standards and corsican pine) during 2.5 years to determine the relative impact of mineralogy and mineral weatherability on the taxonomic and functional diversity of the mineral associated bac-
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terial communities. After this incubation time, minerals and the surrounding bulk
soil were collected and used to determine mass loss, and to perform soil analyses,
enzymatic assays, cultivation-dependent and -independent analyses. Notably, our
16S rRNA gene pyrosequencing analyses revealed that after 2.5-year incubation
the mineral-associated bacterial communities strongly differed from those of the
surrounding bulk soil, whatever the tree stand considered. When focusing only on
minerals, our analyses showed that the bacterial communities associated to calcite, the less recalcitrant mineral type, differed significantly from those colonizing
obsidian and apatite minerals. The cultivation-dependent analysis revealed significantly higher abundance of abundance of effective mineral weathering bacteria on
the most recalcitrant minerals (i.e., apatite and obsidian). Together our data showed an enrichment of Betaproteobacteria and effective mineral weathering bacteria
related to the Burkholderia and Collimonas genera on the minerals, suggesting a
key role for these taxa in mineral weathering and nutrient cycling in nutrient-poor
forest ecosystems.
P08
Biogeographical patterns of root and soil fungal communities in temperate forest soils
K. Goldmann1, K. Schröter1, R. Pena1, I. Schöning1, M. Schrumpf1, F. Buscot1
A. Polle1, T. Wubet1
1
Helmholtz Centre for Environmental Research - UFZ, Soil Ecology, Halle/Saale, Germany
Fungi play a significant role in soil ecosystems by participating in environmental processes and cycles. Thereby, soil fungal communities alter along biotic and
abiotic gradients. Particularly, increasing geographical distance leads to shifts in
community similarity. This so called ‘distance decay’ is often coupled with changes
of vegetation, climatic conditions or soil properties. If and how fungal communities
are influenced by geography and environmental condition are addressed only recently by microbial studies.
This investigation (Goldmann et al. 2016 Sci. Rep. 6:31439) focused on the effects
on distance decay on soil-inhabiting and root-associated fungal communities. Furthermore, we evaluated the relative importance of changing climatic and soil-related factors. The study was conducted within the frame of the interdisciplinary project “German Biodiversity Exploratories” with experimental forest plots located at
three geographically distant regions across Germany. We assessed soil-inhabiting
and root-associated fungi by high-throughput amplicon pyrosequencing, targeting
the ITS region of the fungal rDNA as marker.
Our results revealed that root-associated fungi, which are recruited from the sur-
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rounding soil fungi, seem to be protected by plant roots since effects of geographical distance, climate and soil properties are less pronounced in these communities.
Variance partitioning of factors contributing to the observed distance decay patterns support the hypothesis that host trees stabilize the composition of root-associated fungi communities, relative to soil communities. Thus, plants not only have
selective impacts on associated communities, but also buffer effects of changes in
microclimatic and environmental variables that directly influence fungal community composition.
P09
On the assembly of endophytic fungi to litter decomposing communities
D. Persoh1, M. Guerreiro1, D. Begerow1
1
Ruhr-Universität Bochum, Geobotanik, Bochum, Germany
All living plants analyzed so far were inhabited by a mostly highly diverse assemblage of microorganisms. The ecological role of the microbiome is, however, poorly
understood. This applies in particular for fungi inhabiting leaves of deciduous forest
trees. As the earliest colonizers of falling leaves, they may have a major impact on
later invading decomposers by priority effects, i.e. by niche occupation and niche
modification. Knowledge on these effects is crucial for understanding decomposition of plant litter, which is a key process in nutrient cycling and thus for functioning
of forest ecosystems.
We will present evidence that the majority of fungi in one-year-old litter of beech
leaves consists of fungi which also occur within living leaves. While endophytic
and litter communities are thus rather similar in species composition, community
structures differ significantly. Based on comparative analyses of co-occurrence networks, the transition from endophytic to litter decomposing communities will be
discussed as well as the implications for the invasion of soil-indigenous fungi and
the consequences for the early decomposition process.
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P10
The role of soil microbial communities in plant community dynamics
J. A. Morillo1, C. Dalotto2, T. T. Castellani2, N. Peroni2, F. I. Pugnaire1
1
Arid Zones Experimental Station (EEZA), CSIC., Functional Ecology, Almeria, Spain
2
Centro de Ciências Biológicas, UFSC, Departamento de Ecologia e Zoologia, Florianópolis, Brazil
Introduction
Soil microbial communities (SMC) play a critical role in plant community dynamics
as soil microbes influence processes such as facilitation, competition and succession, and select plant functional traits and plant species composition in a community.
Objectives
We evaluated the role of soil microorganisms and microclimate in seed germination and seedling establishment in a costal sand dune system (restinga) in SE Brazil.
We hypothesized that plant establishment would be limited by SMC, as soil communities in complex forest patches would be more diverse and functionally different than SMC from isolated, simpler plant patches.
Materials and Methods
To test these hypotheses we selected the colonizer shrub species Guapira opposita.
Ten individuals forming isolated patches and 10 growing in forest patches were selected for a translocation experiment where we moved two soil blocks from the understory of isolated patches to forest patches and vice versa, leaving two additional
soil blocks under each shrub as control. One block in each pair received soil extracts
from its own soil and the other one extracts from the opposite habitat. We measured plant performance at the end of the growing season and SMC structure using
shot gun metagenomic analysis and the MG-RAST pipeline to process the data.
Results
SMC controlled germination rates so that soil extracts from forest patches increased plant abundance, species richness and biomass in both, fertility islands and
forest patches, while understory microclimate had a secondary role. SMC had a
similar structure in both soil types, but several bacterial and fungal taxa differed.
Conclusions
These results show how SMC select which plant species establish in each habitat,
and highlight the important role SMC play in plant community dynamics and overall
ecosystem functioning.
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P11
Microbial diversity and corresponding enzyme activity patterns in decaying
wood of 13 temperate tree species
S. Leonhardt1, E. Stengel1, J. Moll2, F. Buscot2,3, M. Hofrichter1, B. Hoppe2,4
H. Kellner1
1
IHI Zittau, TU Dresden, Environmental Biotechnology, Zittau, Germany
2
UFZ-Helmholtz Centre for Environmental Research, Soil Ecology, Halle, Germany
3
German Centre for Integrative Biodiversity Research (iDiv), Halle-Jena-Leipzig,
Germany
4
Julius Kühn-Institute - Federal Research Centre for Cultivated Plants , Institute for
National and International Plant Health, Braunschweig, Germany
Introduction
Dead wood is an important structural component in forest ecosystems and its degradation is mainly controlled through microorganisms, in particular filamentous
fungi and their secreted digestion enzymes. While the process of wood decay is well
understood, in situ data about the factors that explain the heterogeneous distribution patterns of deadwood microorganisms, their corresponding enzyme activities
and the resulting changes of wood physico-chemical parameters are rather scarce.
Objectives
We therefore investigated variations of microbial communities, extracellular enzyme activities and wood parameters in an in situ long-term deadwood experiment
(BELongDead), which was designed and launched within the German Biodiversity
Exploratories in 2009.
Methods
Sap- and heartwood samples were taken from logs of 13 different tree species (9
deciduous, 4 coniferous, n=3) exposed to decomposition for 6 years in beech forests of the National Park Hainich (Central Germany). The microbial community
(fungal ITS, bacterial 16S) was amplicon-sequenced using Illumina MiSeq, egosterol
was measured as proxy for fungal biomass, enzymes involved in C, N, P cycling were
measured using spectrophotometric and HPLC approaches and diverse wood parameters (e.g. lignin, pH, extractives) were determined. SEED pipeline was used for
generating the OTU tables; rarefaction, univariate and multivariate statistics were
performed using PAST and R.
Results
Microbial communities were significantly different between coniferous and deciduous tree species, and for bacteria also between sap- and heartwood. We found a
higher fungal species richness for coniferous trees. Enzymatic activities correspond
in general to fungal biomass, i.e. higher in sap- than heartwood, and higher in deciduous than coniferous tree species. However, we found only few weak correlations
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between biomass and enzyme activities. Further correlative analyses are currently
performed.
Conclusions
Fungal biomass and enzymatic activities confirm the assumption that, in the initial stage, the decomposition of deciduous CWD is faster than of coniferous CWD
under comparable conditions. However, species richness does not explain this observation.
Figure 1

P12
The effects of thinning on the decay rate of coarse woody debris and succession
of deadwood-inhabiting microbes
Y. T. Wu1
1
National Pintung University of Science and Technology , Pintung, Taiwan
Wood, as the important structural component in forest ecosystems is the major
organic carbon pool. Coarse woody debris (CWD) namely deadwood, provides
plentiful nutrient sources and shelter for organisms, primarily fungi and saproxylic
insects. However, some studies currently revealed that deadwood inhabiting bacteria has emerged as an important group taking part in the CWD decomposition,
but the interaction between fungi and bacteria is still far from known. Apparently,
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dead wood is an important biodiversity of hotspot in forest ecosystems. Deadwood
decay process is also determined by tree species, owing to the difference in wood
chemical composition (C, N, P, cellulose, semicellulose and lignin), wood morphology and microbial adaptions to interspecies differences in active tree defense mechanisms. In addition, selection cutting is considered to be a promising silvicultural
technique for maintaining forest biodiversity which influences wood decomposer
and decay rate. The deadwood decay and the community structure of deadwood
decomposer related studies have been mostly conducted in boreal and temperate climate regions, data from low-latitude regions are urgently required for wood
turnover and the effect that influences wood decompostion for managing global
vegetation climate models. Therefore, a dominant tree species Machilus thunbergii
which have quite high wood density (> 0.60 g/cm3) was chosen for the comparative study at Tajen Forest Station (22°27’N120°82’E, tropical area with the mean
annual temperature of 25°C and precipitation of 2400mm) where has a 1-ha experimental site which is divided into a total of 20 plots with five different silvicultural
management (cutting of 0, 20, 40, 60 and 80%). The objectives and hypothesis of
this study are: 1. The dynamic fungal and bacterial community structures will be
detected at different decayed stages (from fresh logs to completely decayed) of
wood Machilus thunbergii using massively parallel pyrosequencing. The results will
provide a comprehensive insight into the succession of fungi and bacteria which
inhabit in deadwood of M. thunbergii during the decomposition. 2. To explore if the
thinning management has effect on the succession of fungi and bacteria, dwelling
in deadwood and as well as the CWD decomposition rate.
P13
Shifts in soil microbial communities following forest harvest in the Pacific Northwest
D. Myrold1, R. Danielson2, S. Holub3
1
Oregon State University, Crop and Soil Science, Corvallis, United States
2
University of California-Davis, Davis, CA, United States
3
Weyerhaeuser Co., Springfield, OR, United States
Timber harvest can cause severe ecosystem disturbance, and there is an emerging
demand to gain knowledge of how disturbance-induced alterations in soil microbial
communities will feed back to ecosystem function and, ultimately, the long-term
sustainability of logging operations. The objective was to determine the factors
shaping soil microbial communities of Douglas-fir forests in the Pacific Northwest,
and to identify generalized short-term effects of timber harvest on the richness,
diversity, and structure of these communities. One year prior to, and one year after,
clear-cut harvesting, samples were collected from the same locations within nine
managed forests of approximately the same stand age. DNA was extracted from
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samples and sequenced using the Illumina® Miseq platform to determine differences in prokaryotic and fungal communities. When communities were considered
separately, pre- and post-harvest, pH generally explained community dissimilarity
among sites most consistently, despite the fact that pH varied by less than one
unit across sites. nsistently and significantly higher following tree removal. Both
prokaryotic and fungal community structures were significantly different in postcompared to pre-harvest soils, even when just the dominant OTUs, representing
the top 50% of sequences, were considered. Relative abundance of the three most
abundant bacterial taxa (Proteobacteria, Acidobacteria, and Verrucomicrobia) did
not change significantly following harvest, but less-represented phyla did. For example, Actinobacteria significantly decreased in relative abundance and Bacteroidetes significantly increased in relative abundance. Basidiomycota abundance decreased significantly, whereas Ascomycota and Zygomycota abundance increased.
Ectomycorrhizal fungi were enriched across pre-harvest samples but many known
saprotrophic species were enriched post-harvest. In conclusion, general alterations
in fungal communities, as well as select bacterial and archaeal taxa, may serve as
appropriate indicators of disturbance and ecosystem status across this region.
P14
Soil fungal assemblages in Chilean temperate rainforests: effects of geological
history, mycorrhizal dominance and altitude on taxonomical, functional and
phylogenetic diversity
C. Marín1, R. Godoy1, J. Boy2, M. Öpik3
1
Universidad Austral de Chile, Instituto de Ciencias Ambientales y Evolutivas, Valdivia,
Chile
2
Leibniz University Hannover, Institute of Soil Science, Hannover, Germany
3
University of Tartu, Plant Ecology Laboratory, Tartu, Estonia
Chilean temperate rainforests experience extreme environmental conditions, as
high precipitation, soil-nutrient limitation and regular natural disturbances. These
forests are located within two mountain systems (Andes and Coast mountains),
whit different geological history, soils and biogeochemistry. These forests have
three types of vegetation with two mycorrhizal dominance types: Nothofagus spp.
forest (dominated by ectomycorrhizal trees, EM), Valdivian and coniferous forests
(dominated by arbuscular mycorrhizal trees, AM). There is little information about
the ecological processes and factors influencing the soil fungal communities in these forests. This study aimed to test the effects of mountain system, mycorrhizal dominance and altitude on soil fungal taxonomic, functional and phylogenetic diversity, as well on community structure, and to test the effects of edaphic factors on
these soil fungal communities. We described diversity patterns and assemblages of
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soil fungal communities of 13 Chilean temperate rainforests (Andean and Coastal,
AM and EM dominated) using Illumina sequencing of the fungal ITS2 region. We
found higher soil fungal richness in EM Nothofagus spp. forests in Andean Mountains, but lower richness in Coastal Mountains when compared to AM coniferous
and Valdivian forests. Saprotroph fungi was the richer and most abundant guild in
all forests, and its abundance was negatively related with EM abundance. No effect
of either mountain system, mycorrhizal dominance or interactions predicted total
soil fungal richness, but mycorrhizal dominance strongly predicted saprotroph, EM
and AM richness and abundance. There was a significant negative relationship between altitude and AM richness. Mycorrhizal dominance also strongly predicted the
phylogenetic diversity of AM and EM (the Cortinarius genus was used) taxa. Among
edaphic parameters, redox potential, and contents of C, N, plant available P, Ca, K
and Mg were the most important variables structuring the whole soil fungal assemblages. Different soil nutrients predicted the different functional guilds examined
(saprotroph, AM and EM fungi). This study provides the first step towards understanding diversity of soil fungal assemblages in southern temperate rainforests.
P15
Community Assembly of Ectomycorrhizal Fungi in Fragmented Landscapes
M. Boeraeve1, O. Honnay1, H. Jacquemyn1
KULeuven, Leuven, Belgium

1

Community assembly in fragmented landscapes has been well studied, but is
heavily biased towards macro-organisms. Micro-organisms were long considered
to be latently present around the globe and to appear wherever environmental
conditions are suitable. As a result, micro-organisms were assumed not to be dispersal-limited and thus not to be affected by habitat fragmentation. Recent studies, however, have challenged this view and shown that micro-organisms may be
dispersal-limited as well. Here we studied the effect of local environmental conditions and host plant on ectomycorrhizal communities along a successional gradient
in fragmented forests at a landscape-scale. Root samples from 3 tree species (Alnus glutinosa, Corylus avellana and Crataegus monogyna) were collected in forest
fragments divided over 4 age classes (<50, 50-100, 100-200, > 200 years) and two
forest types (alluvial - non-alluvial) within a study area of c. 50 km². Variation in
mycorrhizal communities associating with the studied tree species was assessed
using Illumina Miseq. Our results showed that EcM fungal richness did not differ
significantly between forest fragments, but that host species, forest age and type
had a significant impact on community composition. Communities of C. avellana,
a late-successional species with specialized EcM communities, were significantly
affected by age class. In contrast, age had no significant effect on EcM communi-
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ty composition of A. glutinosa (an early-successional species with specialized EcM
communities) and C. monogyna (a late-successional species which has no specialized EcM). Host and age effects were only significant in alluvial forests, which had a
higher soil pH, higher NO4 and lower NH4. These results suggest that a low pH and
high NH4 soil content shifts EcM communities towards acidophilous and nitrophilic
species that are less affected by forest age or host species. Overall, we conclude
that community assembly of ectomycorrhizal fungi in fragmented forests at a landscape-scale is affected by a combination of environmental conditions (forest type),
biotic interactions (host species) and successional stage of the forest. This shows
that, even at a small (landscape-) scale, ectomycorrhizal fungi are dispersal-limited.
P16
Changes in soil biodiversity and ecosystem function in a chronosequence of longterm experimental forest soil warming experiments revealed by community RNA
W. Rodriguez1, L. Alteio1, A. Billings1, L. van Diepen2, K. DeAngelis1, S. Frey3
J. Melillo4, J. Blanchard1
1
University of Massachusetts Amherst, Biology, Amherst, MA, United States
2
University of Wyoming, Laramie, United States
3
University of New Hampshire, Durham, United States
4
Marine Biological Labs, Woods Hole, United States
Introduction
The Harvard Forest site is home to three experimental soil warming sites heated
continuously to 5° C above ambient. When taken together, the three soil warming
experiments at the Harvard Forest make up a unique, dynamic time sequence, or
chronosequence, based on a common perturbation in a single ecosystem type.
Objectives
To relate changes in CO2 emissions to changes soil community composition and
physiology using a chronosequence of warming experiments.
Materials & Methods
Four soil samples were taken from control and warmed plots in each of the three
experiments. RNA was extracted from the soil samples and submitted to the Department of nergy’s Joint Genome Institute (JGI) for sequencing. Protein-coding
genes were annotated to taxonomy using the DIAMOND algorithm, an advanced
blastX approach, and annotated to functional categories using the SEED, KEGG and
InterPRO databases. The resulting data was imported into R for statistical analyses.
Results
The metatranscriptomic sequencing results included a diverse representation of
the soil organismal community including RNA viruses, archaea, bacteria, protists,
fungi, invertebrates and plants, a view that we would expect to see in a canonical
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soil food web illustration. Warming has resulted in a significant decrease in eukaryotic transcripts relative to bacteria. With relative losses in transcript abundance in
classes of ascomycetes, basidomycetes and arthropods and increases in bacterial
taxa. Cellular and ecosystem functions have been effected with respect to warming, including those related to protein stability, selfish genetic elements, toxin
resistance, and biogeochemical cycling (C, N, P, S, Fe).
Conclusions
Continued elevated CO2 emissions coupled with progressive changes in soil community structure and function with long-term experimental warming suggest the
effects of rising global temperatures are unlikely to be ephemeral and will produce
complex ecological feedbacks.
P17
Resilience in soil active microbial community treated with organic fertilizers and
nitrification inhibitors
A. Khalil Ahmad Suleiman1, R. Gonzatto2, C. Aita2, L. F. Wurdig Roesch3, R. Jacques2
Z. Antoniolli2, E. Eurya Kuramae1
1
Netherlands Institute of Ecology, Wageningen, Netherlands
2
Universidade Federal de Santa Maria, Santa Maria, Brazil
3
Universidade Federal do Pampa, São Gabriel, Brazil
Soil nutrient amendments such as with animal manure, has increased with aims to
reduce the use of mineral fertilizers. However, the disturbance caused by animal
manure application might also impose some risks as N2O emissions. A strategy
to reduce N2O emissions is the use of nitrification inhibitors. Information about
the disturbance caused by organic fertilization with nitrification inhibitor on the
microbial community is lacking. Furthermore, microbial resistance and resilience
after this type of disturbance was generally assessed either based in short or longterm experiments and the stability of microorganisms in time series still need to
be better understood. To have insights on microbial resilience and resistance, we
examined how the potentially active soil microbial communities changed through
time by the addition of dicyandiamide (DCD)-treated slurry and mineral fertilizers.
Four treatments were applied: (I) control, (II) urea (NPK), (III) slurry and (IV) slurry
with DCD. Soil samples were collected before experiment and after 3, 6, 11, 25
and 50 days. The 16S rRNA transcripts was amplified and sequenced by PGM ION
TORRENT platform. All microbial communities pre-experiment were similar. After 3
days the microbial communities from soils fertilized with slurry with and without
DCD differed from those that received NPK or controls. After 6 days, the dissimilarity between microbial communities from soils with addition of slurry and controls
decreased. This dissimilarity remained decreasing at each time of sampling and
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finally the microbial community recovered to original status after 50 days following
fertilization. This trend was also supported for alpha-diversity. Faith’s phylogenetic,
Chao and Shannon indices showed decrease of diversity in treatments with addition of slurry at days 3, 6 and 25 but after the initial days, the diversity returned to
the original status. Furthermore, the soil samples presented very different communities from the slurry input. In conclusion, organic fertilizers were the main drivers
of microbial community structure. Slurry application appeared to decrease diversity and changed the microbial structure temporarily. However, the metabolically
active microbial community was resilient recovering to its original status after 50
days post fertilization.
P18
Insights into bulk soil processes in wettable and repellent grasslands using complementary proteomic approaches
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Kingdom
Soil water repellency is a common phenomenon affecting the hydrological responses of many soil and land use types in different climates, which are likely to worsen
under future climatic predictions. Repellency leads to decreased water infiltration
and ‘fingered flow’, reduced vegetation cover, fertiliser runoff and soil erosion. The
fundamental (biological) causes of (bulk) soil repellency and its dynamic behaviour
remain poorly understood.
Soil metaproteomic approaches, the systemic extraction and identification of proteins from a soil, have been applied in conjunction with the creation of high quality, curated metagenomic and metaproteomic sequence databases to improve
the understanding of the biological (adaptive) processes and the potential for biomodification of mineral surfaces occurring at the molecular level in soils switching
between wettable and repellent states.
Extreme, moderate and sub-critical water-repellent UK silt-loam soils under perma-
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nent grass vegetation (including Park Grass at Rothamsted Research) were sampled
below the root zone at 5-10cm depth under wettable and repellent conditions.
Soils were subjected to our new extraction methods for determining total metaproteomes and ‘ultraproteomes’, the latter specifically to identify proteins with potential to change the wettability of a surface.
Comparative profiling of the total metaproteomes of wettable and repellent soils
revealed similarities and dissimilarities in proteomes and microbial diversity, which
have created a deeper understanding of soil biomolecular processes common and
adaptive to soil moisture and to the severity of repellence.
Using our ultrahydrophobic extraction protocol, we have identified novel microbial
‘ultraproteins’, which could be extracted only from repellent grassland soils with
medium to low soil moisture levels, but were absent/below detection levels in the
comparable wettable soils. These proteins have the potential to act as soil biomarkers for precision land management strategies, especially in irrigation.
P19
Comparative genomic analysis of novel Acinetobacter symbionts: A combined
systems biology and genomics approach
V. Gupta1
1
University of Delhi, Zoology , Delhi, India
The increasing trend of antibiotic resistance in Acinetobacter drastically limits the
range of therapeutic agents required to treat multidrug resistant (MDR) infections.
In this study we have applied multi-omics approach to explore system ecology of
Acinetobacter spp.Four novel Acinetobacter strains were phylogenetically classified and further used to computationally construct protein-protein interaction
network, subnetwork/modules using the network theory. Here we used a network
theory method for pathogenic and non-pathogenic Acinetobacter spp. to identify
the key regulatory proteins (hubs) in each strain. We identified nine key regulatory proteins, guaA, guaB, rpsB, rpsI, rpsL, rpsE, rpsC, rplM and trmD, which have
functional roles as hubs in a hierarchical scale-free fractal PPI network. Two key
hubs (guaA and guaB) were important for insect-associated strains, and comparative analysis identified guaA as more important than guaB do to its role in effective
module regulation. rpsI played a significant role in all the novel strains, while rplM
was unique to sheep-associated strains. rpsM, rpsB and rpsI were involved in the
regulation of overall network topology across all Acinetobacter strains analyzed in
this study. Future analysis will investigate whether these hubs are useful as drug
targets for treating Acinetobacter infections.
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Results
Fig1. The PPI network of four novel Acinetobacter strains. Expanded view of nodes
represent proteins and edges the physical interaction. (A) All nodes and edges of
SFA strain PPI are filled circles (cyan) and lines (gray), respectively. (B) All nodes
and edges of SFB strain PPI are filled circles (yellow) and lines (gray), respectively.
(C) All nodes and edges of SFC strain PPI are filled circles (green) and lines (gray),
respectively. (D) All nodes and edges of HA strain PPI is filled circles (orange) and
lines (gray).
Fig2. Skeletal structure of the modules in the novel Acinetobacter strains PPI network. All the modules 1-3 are constructed and analyzed using MCODE. (A) In module 1 all the nodes are in filled circles (orange), with scoring value 48.85 (SFA), 44.54
(SFB), 43.62 (SFC) and 39.65 (HA),; (B) modules 2 all the nodes are in filled circles
(green), with scoring value 8 (SFA), 7.38 (SFB) , 7.15 (SFC) and 8 (HA), (C) module 3
all the nodes are in filled circles (pink), with scoring value 8 (SFA), 7.14 (SFB), 5.62
(SFC) and 7.71 (HA) with the corresponding edges in grey lines.
Figure 1
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Figure 2

P20
The soil microbial loop revisited with metatranscriptomics - predatory Myxobacteria as keystone taxon?
S. Petters1, T. Urich1
EMAU Greifswald, Microbiology, Greifswald, Germany

1

Introduction
Predation is a major top-down controlling factor shaping the structure of microbial
communities. Traditionally, Protozoa are considered the major predators of bacteria in soils. Predatory prokaryotes, such as Myxobacteria and Bdellovibrio are also
famous for their bacterivorous lifestyle, however their influence in the soil microbial food web has not been investigated in detail.
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Objectives and Methods
Using a metatranscriptomic three-domain community profiling approach we have
investigated the relative abundance of predatory microorganisms in different soils
of Europe, including mineral forest, grassland and organic peat soils.
Results
In all soils and horizons, Myxobacteria comprised a significant proportion of the
prokaryotic community, ranging from 6-14% of all prokaryotic 16S rRNA transcripts.
Other bacterial predators, like Bdellovibrio were much lower in abundance. Interestingly, also 18S rRNA transcripts of protozoa were much less abundant than myxobacterial transcripts in mineral soils, while they were similarly abundant in organic soils. Possibly, the smaller pore sizes in mineral soils result in restricted access of
protists to their bacterial prey, compared to Myxobacteria.To link rRNA abundance
in metatranscriptomes with biomass of organisms, we quantified RNA content of
representative prokaryotic and eukaryotic species. Depending on the growth phase, RNA content of prokaryotes was 4 to 13 times higher than in Eukaryotes. Thus,
these factors should be taken into account when comparing metatranscriptome
data of predatory microorganisms from different domains of life.
Conclusions
Given the broad prey range of Myxobacteria, their high abundance in soils suggests a major influence on structuring the prokaryotic community composition,
and might warrant their classification as keystone taxon. Furthermore, these observations hint for the presence of a ecologically important „bacterial loop“ in mineral
soils, within the prokaryotes and independent of protozoa.
P21
Identification of microbial populations driving biopolymer degradation in acidic
peatlands by metatranscriptomic analysis
A. Ivanova1, C. E. Wegner2, Y. Kim3, W. Liesack4, S. Dedysh1
1
Winogradsky Institute of Microbiology, Research Center of Biotechnology, Moscow,
Russian Federation
2
Friedrich Schiller University Jena, Institute of Ecology, Aquatic Geomicrobiology,
Jena, Germany
3
EMBL, Heidelberg, Germany
4
Max-Planck-Institut für terrestrische Mikrobiologie, Marburg, Germany
Northern peatlands play a crucial role in the global carbon balance, serving as a
persistent sink for atmospheric CO2 and a global carbon store. Their most extensive type, Sphagnum-dominated acidic peatlands, is inhabited by microorganisms
with poorly understood degradation capabilities. Here, we applied a combination
of barcoded pyrosequencing of SSU rRNA genes and Illumina RNA-Seq of total RNA
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(metatranscriptomics) to identify microbial populations and enzymes involved in
degrading the major components of Sphagnum-derived litter and exoskeletons of
peat-inhabiting arthropods: cellulose, xylan, pectin, and chitin. Biopolymer addition to peat induced a 3- to 5-fold increase in bacterial cell numbers. Functional community profiles of assembled mRNA differed between experimental treatments.
In particular, pectin and xylan triggered increased transcript abundance of genes
involved in energy metabolism and central carbon metabolism, such as glycolysis
and TCA cycle. Concurrently, the substrate-induced activity of bacteria on these
two biopolymers stimulated grazing of peat-inhabiting protozoa. Alveolata (ciliates)
was the most responsive protozoa group as confirmed by analysis of both SSU rRNA
genes and SSU rRNA. A stimulation of alphaproteobacterial methanotrophs on pectin was consistently shown by rRNA and mRNA data. Most likely, their significant
enrichment was due to the utilization of methanol released during the degradation
of pectin. Analysis of SSU rRNA and total mRNA revealed a specific response of Acidobacteria and Actinobacteria to chitin and pectin, respectively. Relatives of Telmatobacter bradus were most responsive among the Acidobacteria, while the actinobacterial response was primarily affiliated with Frankiales and Propionibacteriales.
The expression of a wide repertoire of Carbohydrate-Active enZymes (CAZymes)
corresponded well to the detection of a highly diverse peat-inhabiting microbial
community, which is dominated by yet uncultivated bacteria.
P22
New insights in nZVI impact on soil microbial biodiversity and functionality:
high-throughput metagenomic approach.
C. Fajardo1, J. Garcia-Cantalejo1, P. Botias1, G. Costa1, M. Nande1, M. Martin1
1
Complutense University, Madrid, Spain
Nanoscale zero-valent iron (nZVI) can enter the soil due to intentional applications
such as nanoremediation. nZVI impact on soil microbial communities could be assessed by an ecotoxicologycal approach regarding soil ecosystem biodiversity and
functionality. We have used metagenomics analysis and Next Generation Sequencing technology to evaluate the structure of soils microbiomes and the related metabolic profiles in two soils exposed to different nZVI doses. Proteobacteria, Verrucomicrobia, Firmicutes and Actinobacteria were the most abundant phyla in both
studied soils, comprising 72-75% and 78% of all read sequences in 2.2 and 2.4 soils,
respectively. nZVI exposure induced significant shifts in soil microbial composition,
and a common taxonomic pattern has been found: an decrease in Firmicutes and
Actinobacteria, and an increase in Verrucomicrobia abundance. However, Proteobacteria phylum behaviour following nZVI exposure differentiate both soils environment assessed: a slight decrease in abundance is observed in 2.2 soil whereas
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an increase is found in 2.4 soil. At the specie level, in both 2.2 and 2.4 soils, Coraliomargarita akajimensis abundance was remarkably higher in the nZVI treated soils.
Moreover,we have used PICRUSt computational approach to predict the functional
composition of each microbial community’s metagenome from its 16S profile.The
obtained results showed a pronounced decrease of theenvironmental information
processing (subcategory membrane transport), and metabolism pathway (carbohydrate, lipids andamino acid) in the nZVI-spiked soils. Besides, nZVI-added samples
were significantly enriched in functions involved in cellular processes (cell motility,
bacterial chemotaxis, and flagellar assembly), metabolism (energy metabolism),
environmental information processing (membrane transport, signal transduction),
and genetic information processing (translation, DNA replication and repair).Considering that several microbial taxa can perform similar roles within microbial communities, our results suggest that the overall effort of the soil system following nZVI
treatment is the global energy metabolism maintenance, the ecosystem functioning and homeostasis.
Keywords: nZVI; metagenomics; soil biodiversity, soil functionality.
P23
Molecular tools to assess nanomaterials-associated environmental risk: structural and functional biomarkers
G. Costa1, C. Fajardo1, S. Sanchez-Fortun1, M. Nande1, M. Martin1
1
Complutense University, Madrid, Spain
Advances in environmental biotechnology have allowed the characterisation of
soil organisms, and the measurements of gene and/or protein expression levels
upon exposure to chemical stressors, such as engineered nanomaterials (ENMs).
The forecasted growth in the manufacture and use of these nanomaterials makes
it likely that increases in environmental exposure to ENMs will occur, whereas the
toxicological effects of nanomaterials on environmental biota, soil health and functionality remains mostly unknown. A microbial ecotoxicological approach based on
the response of soil microbial communities offers the opportunity to evaluate the
impact of nanomaterials on natural populations. Genotypic profiling, ultrafast genome pyrosequencing, metagenomics, metatranscriptomics, metaproteomics and
metabolomics along with bioinformatics tools have provided crucial in-sights of microbial communities and their mechanisms to cope with environmental pollutants.
Likewise, molecular microbial biomarkers or bioreporters have been developed for
in situ detection/ monitoring of environmental pollution.
Structural Biomarkers: Multiple group-specific rRNA probes targeting prokaryotic
and eukaryotic microbial taxa can be used in a FISH experiment for simultaneous
phylogenetic classification of physiologically active microbial populations in an en-
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vironmental sample. Metagenomics based methods have made available the whole genome sequences from several environmental microorganisms, and it is useful
to determine the gene pool of enzymes involved in the microbial response to anthropogenic pollutants.
Functional Biomarkers: Transcriptomic or metatranscriptomics tools are used to
gain functional in-sights into the activities of environmental microbial communities
by studying their mRNA transcriptional profiles. Proteomics based investigations
have been useful in the identification of key proteins involved in the physiological response of microorganisms when exposed to anthropogenic pollutants (e.g.
ENMs).
Here we show results of the application of some of these molecular techniques in
linking the structure and function relationships of microbial communities and for
biological sensing of pollution at ENMs contaminated sites.
Key words: ENMs, Microbial ecotoxicogenomic, Biomarkers,
P24
Searching the ecological niche of electroactive microorganisms
C. Koch1, F. Harnisch1
1
Helmholtz Centre for Environmental Research - UFZ, Leipzig, Germany
Microorganisms performing extracellular electron transfer (EET), so called “electroactive” microorganisms, are the fundament of primary microbial electrochemical
technologies as well as key players of geochemical cycles. In bioelectrochemical
systems the microbial metabolism is wired to an electric current flow by the microbial interaction with electrodes.
Many microorganisms were reported for being electroactive, but besides the model organisms Geobacter sulfurreducens and Shewanella oneidensis often only
sparsely characterized limiting their industrial application as well as the knowledge
of the natural importance of EET based processes.
The environmental preferences of 94 electroactive species (bacteria and archaea)
described in literature were combined with their physiological as well as EET characteristics. Based on 20 individual descriptors an extensive meta-analysis was performed.
All in all, 46 species displayed anodic, 25 cathodic (13 of them including autotrophic biomass formation) and 17 species both ways of EET with electrodes. The
meta-analysis revealed correlations between some of the investigated parameters,
e.g. different electron transfer characteristics (direct vs. mediated) and the preference for soluble or flexible use of soluble and solid electron acceptors as well as
oxygen requirements. But no obvious linkage to any specific habitat or phylogenetic group was found.
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These results strongly indicate that significantly more electroactive species exist in
nature as well as in established strain collections, but current cultivation techniques
as well as missing standard procedures certainly impede the identification of their
EET capacities. The challenge of assessing or even compare the electroactivity of
different species as well as the potential different “motivations” of electroactive
microorganisms for EET will be in the focus of discussion.
P25
Effect of long-term industrial metals pollution on soil microbial community compositions in archived soils
A. Abdelhameed1, M. Hitchings1, B. Rawlins2, R. Del Sol1, G. Van Keulen1
1
Institute of Life Science, Medical School Swansea University, Swansea, United Kingdom
2
British Geological Survey, Keyworth, England, Keyworth, England, United Kingdom
Due to rapid industrialization and uncontrolled urbanization, soil contamination with
heavy metals is a historical and a continuing global problem, especially in the vicinity
of mines, smelters and other industrial facilities. National geological surveys such as
the British Geological Survey (BGS) provide a rich source of well-documented soil archives from regional, national and international sites. Our aim here is to utilise the soil
archives of the BGS, especially the GBASE collection, to determine, for the first time
to our knowledge, the microbial community composition while also establishing the
impact of metal pollution on biodiversity and species richness in archived soils.
63 topsoil samples from around Swansea and Neath Valleys (Wales, UK), which contain some of the highest metal-polluted soils of the UK due mostly to metal working
activities in the three previous centuries, were selected for analysis.
The pollution of the soil was assessed with advanced statistical analysis utilising the
geo-accumulation index (Igeo). ANOSIM analysis grouped the 63 soils to three significantly different groups (R=0.8, p≤0.001). Bacterial communities in 63 soil samples
were analysed using Illumina sequencing of amplicons of the V3-4V 16S rDNA gene
fragment. 16S rDNA sequences were subjected to Spearman correlation analyses,
which revealed significant negative and positive correlations between some heavy
metals and diversity indices (p≤0.01). Multivariate analyses showed that contaminants
signiﬁcantly shaped community composition. Assemblages differed signiﬁcantly between the three soil groups (ANOSIM test, R=0.9, p≤0.001), but showed wide withinsite variations related with spatial gradients in the metals contamination.
The results indicate that 63 soil samples contaminated by multiple pollutants display
signiﬁcantly different prokaryotic diversity. The relationship between prokaryotic diversity and chemical data were significantly associated with arsenic, cadmium and
zinc (p≤0.01). These results improve our understanding of the bacterial diversity in
archived soils from a range of polluted environments.
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The life beneath the soil perturbed with chronic industrial activities
N. Devpura1, K. Jain1, C. G. Joshi2, D. Madamwar1
1
Sardar Patel University, P.G. Department of Biosciences, Vallabh Vidyanagar, ANAND, India
2
Anand Agricultural University, Anand, India
The heterogeneous microbial world is being the integral to functioning of earth’s
and has shaped its biogeosphere since its evolution. To study and correlate the
interplay between the microorganisms and their environment for recognizing the
changes in the metabolism and community shift that results because of environmental change. The life on earth which has not encountered the recalcitrant xenobiotic compounds previously, since, industrial revolution the frequency of interaction
has increased to multiple fold. The increasing evidence explains that environmental pollution selects the adaptive community with co-evolution of multi-resistance
genes and catabolic pathways for xenobiotic metabolism. To discern the cooperative and competitive interactions along with the metabolic potential of microbial
community at polluted sites recognizing their functional catabolic diversity is must.
The different catabolic diversity of polluted sites of Sachin Industrial Estate, Sachin,
Gujarat, India were characterized. Genes encoding for various enzymes and catabolic routes for metabolism and degradation of substituted and non-substituted
aromatic compounds, other cyclic and non-cyclic heteroatom compounds, heavy
metals, drugs and other xenobiotic compounds were highly annotated from whole
metagenome sequencing using next generation sequencing platform. Genes were
also annotated towards stress resilience shown towards synthetic compounds in
the ecosystem. The genes involved in bioremediation were annotated from Actinomycetales, Bacillales, Burkholderiales, Sphingomonadales alongwith Pseudomonadales, Chloroflexales, and Rhodobacterales. Genes encoding the enzymes like chitinase, neopullulanase, alpha-amylase, glucoamylase, periplasmic alpha-amylase for
metabolism of chitin, starch and other polymers were detected. Nitrogen metabolism genes for ammonia assimilation, denitrification, dissimilatory nitrite reductase, nitrate and nitrite ammonification, nitrogen fixation and nitrosative stress were
detected. In this study we have explored that the autochthonous (microbial) community of polluted sites have essentially acquired and developed the mechanisms
to survive under non-pristine environment.
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Molecular insights into species interactions of microbial methane-consuming
communities of lake sediments
S. Krause1, T. Johnson1, Y. Samadhi Karunaratne1, Y. Fu2, D. A. C. Beck2,3
L. Chistoserdova2, M. E. Lidstrom1,2
1
University of Washington, Microbiology, Seattle, United States
2
University of Washington, Chemical Engineering, Seattle, United States
3
University of Washington, eScience Institute, Seattle, United States
Lake Washington (LW) is a freshwater ecosystem, which is characterized by a dynamic turnover of methane (CH4), an important greenhouse gas. In this environment
aerobic CH4-oxidizing bacteria (methanotrophs) are the key microbial group that oxidizes CH4, and thus preventing its release into the atmosphere. In both sediment and
laboratory enrichments, application of deep sequencing and stable isotope probing
techniques showed co-occurring patterns for members within the family Methylococcaceae (Gamma-proteobacteria and non-methanotrophic methylotrophs within
the family Methylophilaceae (Alpha-proteobacteria)and also for other non-methane
utilizing heterotrophs.
Here, we established simple communities of a methanotroph of the family Methylococcaceae and non-methanotrophic methylotrophs of the family Methylophilaceae
in a microcosm model system to decipher mechanisms responsible for the observed
co-occurrence patterns.
Each week communities were diluted and transferred into fresh nitrate mineral salts
medium. The headspace was replaced daily, corresponding to 25% CH4, N2 atmosphere, and an initial dissolved O2 concentration of 15 µM. We then used metatranscriptomics to compare transcriptomes of the individual organisms in simple
communities and in pure cultures.
Gene expression profiles suggest that the methanotroph provides methanol as main
carbon and energy sources to the non-methanotrophic methylotroph. In the presence
of the non-methanotroph, we observed a drastic expression change of the calciumdependent methanol dehydrogenase (MxaF type) over the lanthanum-dependent
methanol dehydrogenase (XoxF type). This is unexpected because recent publications
have clearly shown that in the presence of lanthanum, the XoxF enzyme should be
highly expressed. In addition, methanol is released into the medium only when the
methanotroph expresses the MxaF type MDH. These results suggest a carbon transfer
mechanism in which the non-methanotrophic partner causes an expression change
of the methanotroph MDHs, resulting in release of methanol for its growth.
In conclusion, methanotrophs and non-methanotrophic methylotrophs are tightly
metabolically linked in this habitat and specific interactions between these two metabolic types are an essential component for their co-occurrence.
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Functional gene markers in the study of arsenic-metabolizing microbial communities in peatlands treating mine wastewaters
K. Palmer1, A. K. Ronkanen1, A. Mikkonen2, M. Tiirola2
University of Oulu, Water Resources and Environmental Engineering Research
Unit, Oulu, Finland
2
University of Jyväskylä, Department of Biological and Environmental Science, Jyväskylä, Finland
1

Mining produces large amounts of wastewater that contain diverse pollutants such
as metals/metalloids, sulfate and nitrogen compounds. Natural peatlands are used
for treatment of mine wastewaters in northern Finland. At one mine site, drainage
and process wastewaters have been purified in two treatment peatlands for up to
9 years. The mine wastewaters contain elevated concentrations of arsenic, which
is well retained in the peat soil (locally accumulated to >200 mg/kgDW). Microorganisms adapted to high amounts of arsenic are likely to occur, and they may also
play an important part in arsenic removal
Thus, the microbial community of the two treatment peatlands was investigated
by next-generation amplicon sequencing. Three different genes involved in microbial arsenic metabolism were analyzed in surface and deeper layer (60 cm) peat
soil: arsC, arrA, and aioA, encoding for the catalytic subunit of detoxifying arsenate reductase, dissimilatory arsenate reductase, and arsenite oxidase, respectively.
14 different primer systems were tested, and amplicons were obtained with 10.
PCR products were pooled in equimolar ratios and sequenced using the Ion Torrent PGM. On average, 43,000 quality-filtered sequences with average sequence
lengths of 245 bp were obtained per primer pair. 2 primer pairs had amplified unspecific sequences, for the other primer pairs specificity ranged from arsC and aioA
was much larger than that of arrA. Most arrA and aioA OTUs were only distantly
related to sequences of known organisms, indicating novelty of those functional
genes in the treatment peatlands. ArsC OTUs affiliated with sequences of archaea
(e.g. C. Methanorepedens sp.), bacteria (e.g. Terrrimicrobium sacchariphilum) and
fungi (e.g. Pseudogymnoascus sp.), indicating that arsenic tolerant species from all
three groups might be present in the treatment peatlands.
The analysis of the functional gene markers arsC, arrA and aioA demonstrated a
broad genetic potential for arsenic metabolism in treatment peatlands. Next steps
in the project will focus on the ecophysiology of arsenic-metabolizing microorganisms in treatment peatlands as well as on their quantification.
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Culture-independent diversity analysis of photosynthetic eukaryotic microorganisms in Antarctic soils
N. Rybalka1, A. Noll2, C. Roos2, J. Boy3, R. Godoy4, T. Friedl1
Georg August University, Göttingen, Germany
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German Primate Center, Göttingen, Germany
3
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4
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1

Terrestrial algae have been studied at widespread Antarctic localities mostly by
culture-dependent approaches. Their diversity is still poorly understood because
often collections have been made from a narrow selection of habitats and techniques have been inadequate for the recognition of the algal diversity. In microalgae morphological identifications are mostly unreliable and often not resolved
down to species level. Goals of our study are a precise assessment of the algal species diversity in Antarctic soils using highly-variable molecular markers and linking
of this diversity to environmental parameters. To enrich the ITS amplicon pools with
sequences from algae, PCR primers that preferentially amplify rDNAs for certain
algal groups are required because more general PCR primer combinations tend to
underestimate the algal diversity. Long ITS1-5.8S-ITS2 amplicons were separated by
cloning and sequenced. For Illumina MiSeq (2x250) paired-end sequencing suitable
shorter fragments comprising full ITS2 regions were re-amplified using unspecific
primers. A respectable diversity of algal OTUs mostly from the green algal classes
Trebouxiophyceae, Chlorophyceae, Ulvophyceae and the stramenopile algal class
Xanthophyceae was recovered. Despite cloning is a labour-intensive and expensive method, the long sequences obtained with it were found essential to facilitate
paired-ends assembly and as important references for the taxonomic identification
of NGS-derived ITS2 sequences.
P30
Tracking Down Bioactive Molecules in Metagenomes
M. M. Obermeier1, C. A. Müller2, G. Berg2,1
acib, Graz, Austria
2
TU Graz, 8010, Austria
1

Introduction
Bioactive molecules from microbial origin are of profound importance for medicine
and biotechnology. Ever since the discovery of one of the best known bioactive
molecules, penicillin, antibiotics aided to treat various diseases. Yet, the increasing
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threat of multi-resistances among bacteria is urging the discovery of novel antibiotics as well as the need for extensive knowledge regarding emergence, spread
and function of antibiotic resistances. Another naturally in microbes occurring mechanism to rival and outcompete other microorganisms involves the production of
volatile organic compounds (VOCs). VOCs represent a sustainable remedy to combat human and plant pathogens and, hence, are gaining more and more attention
in the food and agricultural sector. Microbes can be screened towards identifying
new bioactive products of this kind. However, despite of novel cultivation techniques, a large proportion of microbes remain not cultivable, leaving a tremendous
source of microbial metabolites untouched.
Objectives
We intend, therefore, to explore the inaccessible share of microbes through metagenomics, to identify new promising VOCs for applications in agriculture or medicine and to discover novel antibiotic-resistances.
Material & Methods
By establishing metagenomic libraries in different hosts using the microbiome of lichen (Lobaria pulmonaria) and moss (Sphagnum magellanicum) we are performing
in vivo and in silico screenings. Inserts of clones exhibiting positive effects will be
evaluated to further identify and localise the genes involved in synthesis as well as
unravel underlying biosynthetic pathways.
Results
As of yet, we have identified two clones harbouring 25 kb inserts of Sphagnum
moss metagenomic DNA that show resistance to ampicillin.
Conclusion
The ampicillin resistances as conferred by the two plasmids indicate the isolation of
potential novel ampicillin resistances. The two clones identified are currently under
investigation involving subcloning, sequencing and bioinformatic analysis.
P31
The active microbial diversity drives ecosystem multifunctionality and is physiologically related to carbon-availability in Mediterranean semiarid soils
F. Bastida1, I. F. Torres1, J. L. Moreno1, P. Baldrian2, S. Ondoño1, A. Ruiz-Navarro1
T. Hernández1, H. H. Richnow3, R. Starke3, C. García1, N. Jehmlich3
1
CEBAS-CSIC, Murcia, Spain
2
Institute of Microbiology of the CAS, Praha, Czech Republic
3
Helmholtz-Centre for Environmental Research - UFZ, Leipzig, Germany
Ecosystem functions and their biogeochemical processes are driven by soil microbial communities. Most methods focus on evaluating the total microbial community
and fail to discriminate its active fraction which is linked to soil functionality. The
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activity of the microbial community is strongly limited by the availibility of organic
carbon (C) in soils under arid and semiarid climate.
Here, we provide a complementary genomic and metaproteomic approach to investigate the relationships betweeen the diversity of the total community, the active diversity and ecosystem functionality across a dissolved organic carbon (DOC)
gradient in South-East Spain. DOC correlated with the ecosystem multifunctionality
index composed by soil respiration, enzyme activities (urease, alkaline phosphatase and β-glucosidase) and microbial biomass (phospholipid fatty acids, PLFA). We
highlight that the active diversity (determined by metaprotoemics) but not the diversity of the whole microbial community (evaluated by amplicon gene sequencing) is related to the availability of organic C and it is also connected to the ecosystem multifunctionality index.
We reveal that DOC shapes the activities of bacterial and fungal populations in
Mediterranean semiarid soils and determines the compartmentalization of functional niches. The analysis of proteins involved in the transport and metabolism
of carbohydrates revealed that Ascomycota and Basidiomycota occupied different
nutritional niches. The active diversity is likely regulated through the plasticity of
the physiological adaptations of populations which modulates their absolute abundances. These physiological capacities of microbial populations are not constant
across DOC gradients in semiarid soils. Interestingly, functional mechanisms for
nutritional-niche specialization were deciphered in both the fungal and bacterial
kingdoms.
P32
HirBin - a novel method for detailed functional annotation and identification of
differentially abundant functions in metagenomes
T. Österlund1, V. Jonsson1, E. Kristiansson1
1
Chalmers University of Technology, Dept. of Mathematical Sciences, Göteborg,
Sweden
Introduction
Gene-centric analysis of metagenomics data aims to define which functions and
pathways that are present in the microbiome under a certain condition or in a given
environment, and how the functions change between metagenomes, or between
conditions. The ability of finding significantly different functions is dependent on
how the functional annotation is performed. As an example the human gut microbiome is predicted to contain more than 10 million bacterial genes while functional
annotation using PFAM results in around 9500 bacterial protein families. This means that the functional annotation will group a large number of genes in the same
family, resulting in a broad annotation.
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Objectives
Here we present a method that performs functional binning and statistical analysis
of metagenomes with higher resolution, in order to improve the ability to detect
differentially abundant functions.
Materials & Methods
The method combines supervised annotation using e.g. TIGRFAM, PFAM or COGs
with a second unsupervised clustering step, where the sequences in each bin are
sub-binned based on sequence similarity.
Results
We show that the statistical power of detecting differential abundance increases
from 23.7% to 99.3% when using our method as compared to binning using TIGRFAMs only. Further, when analyzing data from the human gut between patients
with type 2 diabetes vs. controls, the number of detected functions that were significantly different between the groups increased from 457 to 4,436 when using
our method, suggesting that the effect often is diluted when using a more general
functional annotation (i.e. binning using TIGRFAMs).
Conclusions
The method improves the resolution in the functional annotation, by using a datacentric approach, enabling identification of differentially abundant functions. The
method is suitable for metagenomes from environmental samples, such as soil, and
is freely available as a python package.
P33
Metagenomic Analysis of Pond Sediment to Comprehend Complex Microbial
Interactions
V. Negi1, N. K. Mahato1, R. Lal1
University of Delhi, Zoology Department, Delhi, India

1

Materials and Methods
The sequence data (SRP047092) of two sediment samples (PS1 and PS2) (Illumina
HiSeq 2000 clean data) were assembled using the Velvet_1.2.03 software at an optimized k-mer length of 39. Assembled contigs were binned using RAIphy, BLASTX
against NCBI non-redundant protein database (E-value = 1e-10). The functional
annotation of these predicted ORFs was done by database comparison searches
against COG clusters and PFAM families present in the NCBI Conserved Domain
Database (E-value < 1e-5 and Percentage Identity > 20%).
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Results
Phylogenetic origin of most metagenomic reads remains anonymous even after
approaching widely accessed binning algorithms however metagenomic reassignment approach incredibly improved the taxonomic allocation by 1.02 %. (Fig. 1).
According to functional annotations of the predicted ORFs by database (COG clusters, PFAM families and KEGG GENES) comparison searches (E-value < 1e-5 and
Percentage Identity > 20%), pond sediment metagenome encoded proteins for
membrane transport, bacterial secretory system, aromatic compound metabolism,
transposases, and phage elements (Fig. 2).
Conclusion
Metagenomic analysis of pond sediment sheds light on the comparative functional
profiling between DS, OneKM, FiveKM and pond sediment in order to correlate the
microbial community with its complexity. As of now complex community inhabiting pond sediment remains poorly understood however this study highlights the
role of novel mechanisms providing deeper insights into the concept of microbial
interaction.
Figure Legends
Fig. 1. Differential taxonomic binning of pond sediment. a) Phylogenetic reassignment of metagenomic reads of PS1, PS2 and HCH gradient (OneKm, FiveKm, DS
and SolexaDS), b) Stack area plot of most abundant phyla in pond sediment, c) and
d) Depiction of genomic variation in pond sediment by PCA of tetranucleotide frequency and phylogenetic analysis of essential single copy genes.
Fig. 2. Functional Annotation from pond sediment and sites across dumpsite. a)
Extrapolation of taxonomic diversity of PS1 and PS2 (Fisher’s Exact Test, P > 0.01)
of phylum profiles using Pfam protein domains in PS1 versus PS2 (R2 = 0.985), b)
Rare fraction analysis performed on the unique Pfam protein domains, c) Principle
Component Analysis (PCA) plot of NCBI COG categories, d) Plot showing Shannon
diversity across pond sediment (PS1 & PS2), OneKm, FiveKm, DS(Dumpsite) and
SolexaDS for functional and diversity (by EGT) analysis.
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Figure 1

Figure 2
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Metagenomic analyses uncovering temperature constrained community and
functional diversity of an Indian hot water spring
N. K. Mahato1, A. Sharma1, R. Lal1
1
University of Delhi, Zoology, Delhi, India
Introduction
Natural hot springs represent a stressed ecosystem where high temperature along
with low oxygen potential favors a prokaryotic-only enrichment of microorganisms.
Metagenomic analyses provide a comprehensive insight into genetic complexity of
these communities along with their functional roles.
Objectives
Community genomic survey of an Indian hot spring located atop the Himalayan
ranges was investigated for enriching microbial communities inhabiting bubbling
water and their functional adaptabilities. Comparative metagenomics of environmental shotgun data of different habitats (bubbling water, sediment and microbial
mat) of this hot spring was employed to elucidate habitat specific variations within
the same ecosystem.
Materials and Methods
Water samples (n=2) were collected from hot spring openings (>96 °C) at Himachal
Pradesh, India (32ᵒ01′34.8′′N, 077ᵒ20′50.3′′E). Community DNA was extracted and
Illumina GAII technology was used for sequencing. ORF regions were predicted by
Gene calling using FragGeneScan. Predicted ORFs were searched against KEGG GENES database using KAAS and uploaded on MinPath server. Taxonomic status was
assigned to quality filtered metagenomic raw reads using MetaPhlAn. Spearman’s
correlation was calculated both for diversity and functional enrichment between
water, microbial mat and sediment samples.
Results
Taxonomic profiling revealed predominance of genera namely, Caulobacter, Acinetobacter, Thermus, Enhydrobacter, Burkholderia, Deinococcus, Frankia and Pyrobaculum. Functional analyses showed genetic enrichment of genes encoding for
repair system and homologous recombination highlighting the environment-driven
evolution of DNA repair system to withstand high temperature. Metagenomic data
was also used to reconstruct draft population genome of Emticicia sp. MM along
with its four plasmids.
Conclusions
Temperature plays a crucial role in shaping bacterial community and their functional potential across different habitats of hot springs. Inter-habitat functional conservedness is observed, however phylogenetic diversity varies.
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Overlooked but pivotal prokaryotic drivers involved in reductive nitrogen transformations in paddy soils, captured by metatranscriptomics.
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National Institute of Advanced Industrial Science and Technology (AIST) , Hokkaido
Center, Sapporo, Japan
3
Niigata Agricultural Research Institute, Nagaoka, Japan
Introduction
Waterlogged paddy soils have anoxic zone, where reductive nitrogen transformations (RNT), i.e. denitrification, dissimilatory nitrate reduction to ammonium
(DNRA), and nitrogen fixation, actively progress by soil microbes, resulting in nitrogen nutrition retention with minimal nitrogen pollutant leaching. However, comprehensive understanding of the diversity of microbes driving RNT has not been
achieved yet. Although past studies have estimated them in paddy soils based on
polymorphism analyses of RNT genes via PCR amplification, recent genomic investigations have suggested that such PCR assays seriously underestimate their diversity, indicating the need for alternative methods.
Objectives
We employed the shotgun RNA sequencing analysis, metatranscriptomics, in order
to holistically assess the complex RNT microbe community in paddy soils without
PCR bias.
Materials and methods
Soil RNA extracted from paddy soils were subjected to metatranscriptomics by an
Illumina Miseq sequencer. Sequences of RNT gene transcripts were retrieved and
taxonomically annotated through the tandem similarity search.
Results
Most of RNT gene transcripts were derived from Deltaproteobacteria, whose RNT
genes were rarely detected in previous PCR-based studies. Particularly, RNT gene
transcripts derived from Geobacter and Anaeromyxobacter genera within Deltaproteobacteria, which are predominant and well-known iron reducers in paddy soils,
were suggested to associate with RNT, partial reactions in denitrification, and NH4+
formation via DNRA and nitrogen fixation. RNT genes of Anaeromyxobacter spp.
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showed much higher GC content than their rRNA and those of well-known RNT
bacteria, suggesting that high GC content may have caused an oversight of their
role in RNT despite their dominance in paddy soils. Furthermore, Geobacter and
Anaeromyxobacter were dominant in river sediments as well as paddy soils by our
broad survey, implying that they are key players in RNT in not only paddy soils but
also other environments.
Conclusion
Our metatranscriptomics has uncovered the overlooked but pivotal RNT players in
paddy soils, and provided new insight in the ecological function of Deltaproteobacteria, previously functioning in only metal reduction, sulfur/sulfate reduction, and
hydrogen production.
P36
Insights into functional diversity of hypersaline soils
B. Vera-Gargallo1, C. Sánchez-Porro1, A. Ventosa1
1
University of Seville, Microbiology and Parasitology, Sevilla, Spain
Introduction
Hypersaline environments are extreme habitats in which life is limited by a low
water activity due primarily to high concentrations of salts. These particular conditions can be found, among others, in hypersaline lakes, salterns, salt-curated food
and saline soils. While the microbial community from aquatic systems has been
extensively studied, hypersaline soils have received much less attention.
Objetive
To investigate the functional diversity of hypersaline soils by analyzing two 454
shotgun metagenomes obtained from unvegetated saline areas located at the
Odiel saltmarshes, Spain.
Methods
The metagenomic databases, with 1,328,874 and 840,410 sequences, were trimmed by quality and assembled using Newbler v2.9. Predicted ORFs from the resulting contigs were obtained using Prodigal and annotated with the program
COGNIZER. Rarefaction curves, β-diversity analysis, clustering and DESeq2-based
differential abundance of functional classes were computed in QIIME v1.9. Metagenomes obtained from bare soils at the Argentinian Pampa and from other hypersaline habitats such as Spanish solar salterns were used for comparison purposes.
Results
The rarefaction curves revealed that functional diversity of these soils was sampled almost completely and is not different from hypersaline aquatic systems such
as salterns. In comparison with non-saline soils, hypersaline soils from Tinto and
Odiel saltmarshes have overrepresentation of the general COGs categories related
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to inorganic ion transport and metabolism, defense mechanisms, replication, recombination and repair, cell wall/membrane/envelope. This is in concordance with
strategies used by halophiles to adapt to their harsh environment: the accumulation of intracellular ions, the need for rapid sensing the extracellular conditions
and their effort for repairing DNA damage due to the high UV radiation they suffer
from. The high number of genes related to recombination and repair suggests that
organisms living in these soils greatly benefit from the exchange of functional traits.
Conclusions
Further analysis of these data may result in the discovery of new functions involved
in the adaptation of microbial communities to this extreme habitat and the determination of the blind spots of traditional techniques used for the study of these
environment.
P37
Pesticide degradation function - sensitivity to soil microbial erosion
I. Bramke1, J. Princivalle2, L. Shaw2
1
Syngenta, Product Safety, Bracknell, United Kingdom
2
University of Reading, Soil Research Centre, Reading, United Kingdom
Introduction & Objectives
Soil microbial communities deliver a diverse range of ecosystem services including
pesticide degradation and wide ranges of rates of degradation are frequently observed. Our objective was to determine how pesticide degradation may be affected
by microbial diversity erosion and to thus further the understanding of the relationship between microbial diversity and biodegradation function.
Materials & Methods
Soils encompassing a microbial diversity gradient were created using a dilution to
extinction approach followed by recovery of comparable levels of overall biomass.
Four radiolabelled compounds (2,4-D, Terbuthylazine, Azoxystrobin, Bicyclopyrone)
were subjected to laboratory degradation studies with mass-balanced residue analysis using these soils. Soil microbial analyses were conducted to study the gradient
of microbial erosion achieved.
Results & Conclusion
As expected, higher levels of dilution typically resulted in a greater impact on degradation function (slower rate, longer DT50, greater final residue). However, while
2,4-D degradation function was conserved up to a 10-6 dilution, Azoxystrobin halflife was longer in all dilutions compared to the fresh control. This indicates a high
level of redundancy for 2,4-D degradation function and, conversely, a strong dependency on microbial diversity in the case of Azoxystrobin. While Bicyclopyrone
half-lives exceeded the maximum study duration, increased final residue levels,
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consistent with a reduction of degradation function, were observed in diluted soils
compared to the fresh control. Terbuthylazine, degraded similarly in all soils (DT50
range 75-166 days). An idiosyncratic response to diversity erosion was observed;
the final residue level in the 10-10 soil was more similar to that observed in the
fresh soil than the 10-8 diluted or the g-irradiated control.
In conclusion, stark differences in the sensitivity of the degradation function to
microbial diversity appear to exist for different pesticide compounds.
Figure
Degradation kinetics of 2,4-D, Azoxystrobin, Bicyclopyrone and Terbuthylazine
Fitted curves and data are colour coded according to dilution (legend top right).
Graphs (A) show the loss of parent compound over the time course of the degradation studies for all four compounds. Tables (B) show the corresponding modelled
rates (k) and half-lives (DT50) of compound degradation. The fraction of Terbuthylazine parent remaining at the end of incubation is shown in bar chart (C).
Figure 1
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Unraveling the ecological roles of Acidobacteria GP-1 by network analysis
O. Costa1, K. Faust2, J. Raaijmakers1, E. Kuramae1
1
NIOO-KNAW, Microbial Ecology, Wageningen, Netherlands
2
KU Leuven, Center for the Biology of Disease, VIB, Leuven, Belgium
The recent advances in culture-independent techniques significantly enhanced
our understanding of the complexity of soil microbiomes. However, the ecological
roles of one of the most abundant bacterial phyla, Acidobacteria remain largely
unknown. Here we explored the use of network analysis as a tool to help resolve
associations and possible functions of Acidobacteria GP-1 in soil. We specifically
focused on Acidobacteria GP-1. To perform this analysis, 16S rRNA gene sequence
data obtained from 17 studies of soil microbiome from tropical, subtropical and
temperate soils were used. OTU tables were merged and a genus-level network
was constructed using CoNet tool. Five similarity measures (Hellinger distance,
Kullback-Leibler dissimilarity, Mutual Information and Spearman and Pearson correlations) were used for the inference. Initial thresholds were set so the initial network contained 2000 positive and 2000 negative edges, supported by the elected
measures. For each measure and edge, 1000 permutations and bootstrap scores
were generated. Measure-specific P-values were computed and then merged using
Brown’s method. After Benjamini-Hochberg’s multiple-testing correction, only
edges with merged P-values lower than 0.05 were maintained. Cytoscape was used
for network visualization. Significant positive correlations were detected among
GP-1 Acidobacteria and 27 genera, including Bradyrhizobium, Gematimonas, as
well as GP-3, 4 and 7 Acidobacteria. Also, GP-1 Acidobacteria showed significant
negative correlations with 23 genera, including Chitinophaga, Devosia, and Hyphomicrobium. Collectively, our results showed potential associations between GP-1
Acidobacteria and other soil bacteria. Isolations of specific genera followed by coculture experiments will be performed to further resolve the exact nature and ecological relevance of the network-based interactions.
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Functional characterization of aromatic ring hydroxylating dioxygenases mined
from metagenome originating in PCB-contaminated soil
J. Suman1, J. Capek1, J. Wald1, O. Uhlik1
University of Chemistry and Technology, Prague, Dpt. of Biochemistry and Microbiology, Prague, Czech Republic

1

Introduction
Aromatic ring hydroxylating dioxygenases (ARDHs) represent key enzymes involved
in bacterial degradation of aromatics including artificial pollutants such as polychlorinated biphenyls (PCBs). In general, ARDHs catalyse dihydroxylation of aromatic ring resulting in its activation for downstream reactions. Biphenyl dioxygenases
(BphAE) and (halo)benzoate dioxygenases (BenABC) are in the spotlight of this study, representing the first enzymes of the upper and lower biphenyl degradation
pathway, respectively.
Objectives
This study was aimed to gain new ARDH genes from soil metagenomes and afterwards to assess substrate specificity of corresponding enzymes.
Materials & methods
As sources of new ARDH sequences, metagenomes of (i) aged PCB-contaminated
soil and (ii) common gardening substrate were used. The diversity of bphA and
benA genes in metagenomes was assessed through pyrosequencing of PCR amplicons of bphA and benA conserved inner regions. The genes of interest (GOIs)
were mined from metagenomes using a modified inverse PCR method. Plasmid
vectors were constructed bearing the genes of interest, bphA and benA, together
with genes encoding the rest of reference pathways, bphFGBC from Burkholderia
xenovorans LB400 and genes benBCD from Rhodococcus jostii RHA1, respectively.
The resultant pathways BphAEFGBC and BenABCD were expressed in Escherichia
coli and the ability to degrade PCBs and chlorobenzoates, respectively, was determined through resting cell assay
Results
Overall, four metagenomic sequences attractive from the point of view of putative
unusual substrate specificity were chosen. Using a modified inverse PCR method,
(i) two bphA sequences (ii) two benA sequences were mined from PCB-aged soil
and gardening substrate, respectively. Chimeric pathways were expressed in E. coli
leading to functional enzymes capable of PCBs/(chloro)benzoates degradation,
thus enabling to assess substrate specificity of corresponding metagenomic ARDHs
of our interest.
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Conclusion
In the presented work a problematics of gene mining from the complex matrix
of metagenomic DNA will be discussed, together with the substrate specificity of
ARDHs corresponding to the metagenomic GOIs.
Acknowledgement
This work is acknowledged to the Czech Science Foundation project no. 15-02328S.
P40
Constraints on in situ biodegradation of chlorophenols are not genetic but environmental
A. Mikkonen1,2, L. A. L. Dutra1, P. Salmi1, K. Yläranta2, A. Sinkkonen2
M. Romantschuk2, M. Tiirola1
1
University of Jyväskylä, Department of Biological and Environmental Science, Jyväskylä, Finland
2
University of Helsinki, Department of Environmental Sciences, Lahti, Finland
Pentachlorophenol (PCP) is an anthropogenic priority pollutant used widely in timber preservation in the early 20th century. Decades after its use was banned, it
persists in the subsurface soils at old sawmill sites. Chromosomal pcpB gene, which
codes the rate-limiting first step of the only fully characterized PCP mineralization
pathway, has previously been detected in PCP degrading sphingomonad isolates
from two continents. However, there is no information about the abundance of
any PCP degradation related gene at contaminated sites in situ. We asked whether
environmental persistence of PCP could be explained by lack of genetic degradation potential.
Novel protocols for pcpB qPCR and variant analysis, with primers covering full
known diversity, were developed and applied on sediments from two groundwater
sites in Finland with long-term chlorophenol contamination history. In the followup experiments, groundwater from the other site was incubated in mesocosms at
three O2 levels, and with additional carbon sources.
High pcpB counts, of up to 7% of 16S rRNA gene copies in Kärkölä and up to 3‰
in Pursiala, were detected. The relative abundance of pcpB in bacterial community
was associated with spatial variability in groundwater PCP concentration in Pursiala, and with temporal differences in groundwater PCP in Kärkölä. The sequences
represented a single variant of pcpB at both sites, matching the one detected previously in Canadian bioreactor clones and Kärkölä bioreactor isolates. pcpB counts
correlated positively with sphingomonad counts, but were independent of sphingomonad diversity. Mesocosm experiments with Pursiala groundwaters of two
chlorophenol levels (but little other carbon sources) revealed effective biodegradation of PCP under aerobic incubation, with simultaneous enrichment of sphin-
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gomonads (up to 60% of bacterial sequences) and pcpB (up to 106 copies ml-1).
Addition of methanol and glutamate in a second experiment caused even higher
increase in cell counts and respiration, but ceased PCP degradation and disfavored
sphingomonads.
Genetic potential for degradation of PCP exists at the two studied long-term polluted groundwater sites: pcpB is abundant and apparently widely spread among
sphingomonads. Biodegradation of chlorinated phenols in situ seems to be limited
by poor aeration.
P41
How bacterial and fungal gene expression patterns are influenced during interaction on wood substrate?
S. Mieszkin1, L. Fauchery2, E. Gelhaye1, M. Buee2
1
Université de Lorraine/INRA, UMR 1136 IAM, Champenoux, France
2
INRA/Université de Lorraine, UMR 1136 IAM, Champenoux, France
In forest ecosystems, wood degradation is an important process in biogeochemical cycles in term of nutrient recycling and carbon sequestration. Wood-inhabiting
fungi and bacteria are known to contribute in a significant manner to these processes via the degradation of lignocellulolytic biopolymers. Furthermore, sharing the
same ecological niche, bacterial-fungal interactions (BFI) take place during wood
decay. However, little is known concerning the co-regulation of bacterial and fungal
genes involved in BFI during wood decay.
In order to identify these wood microbiome genes and enzymes, a metatranscriptomic approach using beech sawdust microcosms and 2 artificial microbial communities is currently on going. The selected microorganisms are the white-rot Phanerochaete chrysosporium RP78 and a bacterial community composed of 5 to 25
bacterial isolates (Dyella sp. and Burkholderia sp.).
Among the five conditions (microcosms) tested, two were composed by P. chrysosporium associated with 5 or 25 bacteria and three other were represented by the
controls (the fungi or the two types of bacterial assemblages). Biological triplicates
for each condition were performed leading to a total of 15 samples. Beech sawdust
microcosms were incubated for 6 weeks at 25°C before sampling. Different analyses are currently applied applied to the sawdust: (i) extraction of total RNA followed by a rRNA depletion step and the sequencing of the mRNA with Illumina Hiseq,
(ii) wood chemical analyses with quantification of lignin and (hemi)cellulose, (iii)
microbial community analyses with bacterial enumeration and ergosterol dosages.
At present, only bacterial enumerations were analyzed. Due to different phenotypes between the Dyella and Burkholderia genera, colonies can be easily differentiated. We therefore found that the presence of the fungi had a significant effect
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on the bacterial community structure. Indeed, after 6-weeks incubation, the number of bacteria belonging to the Dyella genera increased in presence of the fungi
while it was sharply decreased when considering the bacterial communities alone.
Combined with data that will be obtained through metranscriptomic approach and
chemical analyses, these preliminary results will allow improving our knowledge
regarding BFI during wood decay.
P42
Correction of frameshifts in high-throughput amplicon sequencing of functional
genes
M. Strejcek1, Q. Wang2, T. Macek1, O. Uhlik1
1
UCT Prague, Prague, Czech Republic
2
DuPont, Wilmington, United States
Functional gene ecological analyses using amplicon sequencing can be challenging
as translated sequences are often burdened with shifted reading frames.
The aim of this work was to evaluate several bioinformatics tools designed to correct errors which arise during sequencing in an effort to reduce the number of
frameshifts (FS). Genes encoding for alpha subunits of biphenyl (bphA) and benzoate (benA) dioxygenases were used as model sequences. FrameBot, a FS correction
tool, was able to reduce the number of detected FS to zero. However, up to 44% of
sequences were discarded by FrameBot as non-specific targets.
Therefore, we proposed a de novo mode of FrameBot for FS correction, which
works on a similar basis as common chimera identifying platforms and is not dependent on reference sequences. By nature of FrameBot de novodesign, it is crucial to provide it with data as error free as possible. We tested the ability of several
publicly available correction tools to decrease the number of errors in the data sets.
The combination of maximum expected error filtering and single linkage pre-clustering proved to be the most efficient read processing approach.
Applying FrameBot de novo on the processed data enabled analysis of BphA sequences with minimal losses of potentially functional sequences not homologous
to those previously known. A script which performs FrameBot de novo is available at https://github.com/strejcem/FBdenovo. The tool was also implemented into
Java version of FrameBot available at https://github.com/rdpstaff/Framebot.
Funding is acknowledged of the Czech Science Foundation projects no. 13-28283S
and specific university research MSMT no. LH14004.
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Soil microbiota of Amazonian soils under a methane atmosphere
F. M. Nakamura1, J. B. Gontijo1, S. M. Tsai1
CENA/USP, Laboratory of Cellular and Molecular Biology, Piracicaba, Brazil

1

Amazonian bioma is suffering dramatic changes on its soil uses, either by ancient
anthropogenic activities, either by recent ones. The aim of this work is, by means of
molecular studies and CH4 incorporation by soil microbiota, study the correlation
of soil microbiota involved in CH4 cycle with soil attributes, as well as their influence
on CH4 dynamics of tropical soils. Soil microcosms with injection of CH4 (0,12mmol
C/g of soil) in triplicate and respective controls were taken on 4, 8 and 15 days with
Latossols under Pristine Forest (PF), Pasture (PT) and Amazonian Dark Earth (ADE)
of Eastern Amazon, PA, Brazil. CH4, CO2 and N2O were measured in gas chromatography; mcrA and pmoA genes, methanogens archaea and methanotroph bacteria
principal marker genes, were quantified in real-time PCR by the primers A189-F/
MB661-R; mlas-F/mcrA-R, respectively; and statistical analysis. Methane was significantly uptaken until 8 days of incubation (consumption of 394ppm in PF; 190ppm
in PT; 119ppm in ADE), which is evidenced by increase in pmoA genes copies, where significant differences were: 5,11.103 pmoA copies/ng of DNA in PF; 1,65.108
copies/ng of DNA in PT; and ADE had no significant increase in pmoA. Even so,
there is a enrichment on mcrA gene, where significant differences were: increase
in 5,57.103 copies/ng of DNA in PF; 8,29.106 copies/ng of DNA in PT; and 8,0.105
copies/ng of DNA in ADE. These results indicate a direct influence of microbiota
on CH4 cycle, evidencing a concomitant existence of both microbiotas, where CH4
released by soil is metabolized, and CO2 released on methanotrophism is maybe
used by hydrogenothrophic methanotrophs. PT and ADE present the highest values
for soil fertility (Ca, Mg, K, consequently SB, CEC, V%), being ADE already known for
its SOM and P abundance. PF soil is less fertile presenting aluminum toxicity (H+Al
and m%). The highest abundance of genes in PT could be answered by the high
abundance of both microbiotas enriched by biochar, once the burnt is common,
and cattle feces are present in the area; and that SOM abundant in PF and ADE by
their litter and humic substances can be another primary matter for C metabolism
and so, the increase of genes for methanogen activity under these circumstances.
Next steps are isotope fractioning, SIP and sequencing. Acknowledgments: FAPESP
2015/12282-6, CAPES, CNPq.
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Previously undetectable denitrifying bacterial groups in acidic and neutral pH
soils revealed by metagenomics and -transcriptomics analyses
A. Frostegard1, N. Y. Lim1, L. R. Bakken1,2, J. P. Shapleigh3
1
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Science, Aas, Norway
2
Norwegian University of Life Sciences, Dep of Environmental Sciences, Aas, Norway
3
Cornell University, Dep of Microbiology, Ithaca, United States
Soil pH pervasively controls the N2O emission from denitrification, which increases with decreasing pH. Earlier studies of denitrification model organisms such as
Paracoccus denitrificans and extracted soil communities demonstrated marginal
N2O reductase activity at pH ≤ 6.1 despite significant transcription of nosZ. This
post-transcriptional effect of low pH was taken to explain the oft-observed correlation between pH and N2O reduction in soils. It remains to be shown, however,
if this accounts for a wider range of denitrifying bacteria due to the limitation of
PCR primers that target only a fraction of the community. Moreover, attempts to
investigate transcription in soil with lower pH has hitherto often been unsuccessful
due to problems with mRNA extraction. We used an improved extraction protocol
to analyse the metagenome/metatranscriptome (HiSeq) from two soils (pH 3.8 and
6.8) during anoxic incubation in the presence of nitrate. Headspace gases were
monitored frequently throughout the incubation, and the gas kinetics were correlated to the transcription of nitrite (NirK and NirS), nitric oxide (cNor and qNor) and
nitrous oxide (NosZ) reductases. The pH 6.8 soil showed immediate onset of N2
production, while the acid soil mainly accumulated N2O for the first 40 hours. As
expected in an environment that accumulates nitrite and produces mainly N2 gas
as a denitrification product, nirK and nosZ genes were more abundant at pH 6.8.
Conversely, qNor genes were approximately double at pH 3.8, reflecting the need
for the community to remove accumulated NO. Interestingly, previously undetected nirK and qNor genes were found to dominate in both soils, contradicting previous PCR-based analyses of these soils, and thus indicating a narrow range for existing denitrification primers. The major denitrifying bacterial phyla present in these
soils (Proteobacteria, Actinobacteria and Bacteroidetes) were also the most active.
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Detection of methanogenic and methanotrophic microorganisms in wetlands of
eastern amazon
J. B. Gontijo1, A. M. Venturini1, F. M. Nakamura1, J. A. Mandro1, S. M. Tsai1
Center for Nuclear Energy in Agriculture- University of São Paulo, Cell and Molecular Biology Laboratory, Piracicaba, Brazil
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Wetlands are one of the largest sources of methane found in the atmosphere,
which contributes to 70% of the total released (100 TgCH4year-1). They account
for 20% of the total area of the Brazilian Amazon. The methane produced in anaerobic zones of soil by methanogenic Archaea is oxidized to CO2 by methanotrophic
Bacteria. Studies with functional genes have shown their potential as molecular
markers, and for the methane cycle, mcrA gene is related to methanogens and
pmoA and mmoX genes are related to methanotrophs. Given the above, this study
aimed to detect this microbiological community based on the abundance of methane marker genes through quantitative real-time PCR (qPCR) in three wetlands
from Amazon, at Santarém, PA, Brazil. Methane gas bubbles retained in the sediments sampling were done during the flooded season (July 2015) at Jamaraquá
wetland in Tapajós river, Maicá wetland in Amazonas river and Açu wetland in an
intersection between this two rivers, in four points of each area. The sediments
sampling were performed in the same points, from 0 to 10 cm depth in the top
sediment layer used to molecular and physicochemical analysis. The total DNA was
extracted from each point in duplicate. The abundance of mcrA, pmoA e mmoX
genes was measured in triplicate by quantitative real-time PCR (qPCR) using the
sets of primers MLAs-F/mcrA-R, A189F/MB661r and mmoX1/mmoX2, respectively.
Jamaraquá has different physicochemical properties compared to Maicá and Açu,
due to different rivers influences. The qPCR analysis indicates an intense activity
of methanogens and methanotrophs in these wetlands, confirmed and closely related to the methane concentrations in the bubble samples, with measurements
above 103copiesng DNA and 100copiesng DNA for mcrA and mmoX, respectively.
The copy number per ng of DNA of pmoA was 103copiesng DNA in Maicá, as Jamaraquá and Açu were 102copiesng DNA. Maicá showed the lowest concentration
of methane in the bubble samples and the higher number of copies of pmoA, indicating a consumption of CH4 by methanotrophs. These data encourage further
investigation for better understanding the functional roles of microbes involved in
the methane cycling in Amazonian wetlands and and their response to the flooded
and dry seasonal periods. Acknowledgements: FAPESP/CNPq/CAPES.
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Investigating the effect of elevated nutrient availability on the potential N2-fixing communities in grassland soils across four continents
M. Nepel1, R. Angel1, N. Fierer2, D. Woebken1
1
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Terrestrial ecosystems are experiencing increased nitrogen and phosphorous input, primarily due to human activities. Since microorganisms play a critical role in
nutrient cycling in these ecosystems, it is vital to understand the response of the
soil microbial community to these increased inputs. Previous investigations have
documented shifts in the overall microbial and plant communities due to nutrient additions, yet the effect of nutrient inputs on specific functional guilds, such
as N2-fixing microorganisms (diazotrophs), is still unclear. Therefore, we investigated the response of diazotrophs to elevated levels of nitrogen and phosphorus in
grasslands located in Africa, Australia, Europe and North America. These soils were
part of the Nutrient Network Experiment spanning 24 grassland sites, and standardized nutrient additions enabled analyses across the sites of all four continents.
The shifts in diazotrophic community composition due to nutrient additions were
assessed using amplicon sequencing targeting the marker gene for N2 fixation- the
dinitrogenase reductase (nifH).
Members of the Proteobacteria and Cyanobacteria (nifH Cluster I) were the most
abundant taxa comprising >66% of the amplicon reads, whereas members of the
nifH Cluster II were scarcely present. Interestingly, several sites harboured a high
abundance of nifH Cluster III (e.g. Deltaproteobacteria) and Cluster IV (e.g. Firmicutes), which are not known to be abundant in soils. Across these globally distributed sites, the strongest driver of differences in the diazotrophic communities was
the site location (R2=0.41; P<0.001), independent of nutrient treatment. Taken the
site variable into account, a shift in the community composition of diazotrophs
between controls and nitrogen addition could be seen, yet this shift is only weakly
statistically supported and explains only a fraction of the variance in the data. This
is in contrast to the results from previous investigations, documenting significant
alterations in response of bacteria, archaea and fungal communities to nitrogen or
phosphorous addition. This suggests that the influence of nutrients on the diazotrophic community is not a strong driver of the community in these grassland soils.
Further analyses are on-going to better elucidate the response of diazotrophs to
nutrient additions and other edaphic factors in these grassland soils.
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Effect of moisture in forest-to-pasture conversion on the microbial methane cycle
A. M. Venturini1, J. B. Gontijo1, C. A. Yoshiura1, A. G. da França1, S. M. Tsai1
1
Center for Nuclear Energy in Agriculture/University of São Paulo, Cell and Molecular
Biology Laboratory, Piracicaba, Brazil
The Amazon rainforest has been converted into areas designated for agriculture
and pasture. Land-use change is one of the main emission sources of greenhouse
gases. The methane flux is controlled through the balance between microbial producers, methanogens, and consumers, methanotrophs. These groups can respond
in different manners to forest-to-pasture conversion, as it alters soil original properties. The aim of this research was to determine the effect of moisture content in
forest and pasture areas on the microbial methane cycle in Amazon. Soil sampling
was performed in a forest and pasture area from 0 to 10 cm depth at the Tapajós
National Forest and its adjacent areas, in the state of Pará, Brazil. Soil properties,
moisture content and field capacity were determined and, based on these results,
a microcosm experiment was established with four treatments: original moisture;
60%, 80% and 100% of moisture at field capacity. The soils were maintained in jars
for 30 days, monitored for methane emissions at every 72h. Soil DNA was extracted and the abundance of methanogens (mcrA) and methanotrophs (pmoA and
mmoX) was quantified through quantitative real-time PCR. Soil physical properties
were considered similar, although several chemical properties, moisture and field
capacity differ between forest and pasture. The copiesng DNA of all genes were
considered different between the areas, regardless the treatment. The pasture at
the original moisture presented higher mcrA (2,6*100 copiesng DNA in forest and
1,7*102 copiesng DNA in pasture) and pmoA (7,1*100 copiesng DNA in forest and
4,0*101 copiesng DNA in pasture) copy numbers than the forest. The intermediate treatments did not affect the copy numbers of both genes in each area, but
the most saturated treatment caused an increase on them. In pasture, the significant increase of the mcrA gene (1,0*103 copiesng DNA) also resulted in methane
emission, rather than its consumption, from the data collected. The mmoX gene
was detected in less than 1 copyng DNA, except in pasture at the most saturated
treatment (1,8*100 copiesng DNA). The results demonstrated that the forest and
pasture have a different potential for methane emission. In the next step, the largescale sequencing of these samples is going to be performed. Acknowledgments to
FAPESP (2015/13546-7), CAPES and CNPq.
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Assessing compost tea microbiology in providing pathogen-suppressive microbial communities to agricultural soils
J. Dubé-Smith1
1
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Mature compost derived from organic waste or vermicomposting is a value-added, microbe-rich candidate to restore functional diversity and suppressing pathogens in agricultural soils. Once extracted from compost in water, compost tea
is an ideal vector to introduce diverse microbial populations, thereby bypassing
the logistical issues of compost application. However there has been little effort
in describing the community composition of mature composts and even less effort in assessing pathogen viability within microbial communities of compost. Also,
the characterization of the compost tea microbial community solubilized from the
mature compost inoculants is lacking. For this presentation, a total of 48 samples
from two commercial compost tea recipes and their compost inoculants, mature
plant-based compost and worm-castings, had their DNA extracted after physical
homogenization and utilized for PCR amplification of V4 region of the 16S rRNA
gene using barcoded universal primers to allow for multiplexing. Amplicons were
purified, quantified and subjected to Illumina paired-end sequencing. The PANDAseq assembler was used to merge the paired-end sequences for further analyses
using QIIME pipelines. After filtration and removing chimeric reads, assembled sequences were assigned to operational taxonomic units and aligned to Greengenes
database. A total of 1,589,339 sequences were generated and an average of 33,111
high-quality sequences per sample were obtained after quality filtering steps. The
Chao1 estimator of species richness and Unifrac distance matrices were used to
calculate α-diversity and β-diversity of microbial communities, respectively. Diversity indeces will be used to investigate the batch-to-batch transfer of populations
into compost tea, and OTU tables used to identify plant-growth promoting and
pathogen antagonist populations of bacteria.
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Diversity and abundance of bacterial 16s ribosomal rna gene in a petroleumcontaminated soil spiked with polycyclic aromatic hydrocarbons
H. M. Raji1, J. B. Ameh1, S. A. Ado1, S. E. Yakubu1, G. Webster2, A. J. Weightman2
Ahmadu Bello University, Department of Microbiology, Zaria, Nigeria
2
Cardiff University, Cardiff School of Biosciences, Cardiff, United Kingdom

1

The 16S ribosomal RNA gene plays a crucial role in studying the microbial ecology
of microbial populations capable of pollutant degradation. Polycyclic aromatic hydrocarbons (PAHs) are toxic and often recalcitrant environmental pollutants; however, microbial degradation is one of the most effective ways of removing them
from the environment. In this study, the effect of different PAHs on the diversity
and abundance of bacterial 16S gene was determined. Soil samples obtained from
an auto workshop was spiked with PAHs and genomic DNA extracted. The 16S ribosomal RNA gene was amplified using PCR, and analysed by denaturing gradient
gel electrophoresis (DGGE). Alignment and phylogeny of the 16S sequences was
carried out using MEGA 4 software, real-time PCR was also used in determining
the abundance of the 16S gene in the samples. The closest matches based on the
BLAST search revealed bacteria predominantly belonging to the phyla, Firmicutes
and Proteobacteria. However, more than 50% of the bacteria identified were observed in soils spiked with the PAH, chrysene. The number of 16S gene copies ranged from 1.23E+06 - 5.20E+10 gene copies per gram of soil. The soil sample spiked
with the polycyclic aromatic hydrocarbon, chrysene had the most number of 16S
gene copies. Chrysene appeared to have the most effect on the abundance and
distribution of bacteria compared to phenanthrene and benzo[a]pyrene.
Key words: abundance, diversity, 16S rRNA, polycyclic aromatic hydrocarbons, soil
P50
Functional metagenomics from the moss microbiome
C. A. Müller1,2, S. N. Hollauf1, C. Provasnek1,2, G. Berg1
Graz University of Technology, Institute of Environmental Biotechnology, Graz,
Austria
2
Austrian Centre of Industrial Biotechnology, Graz, Austria
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Introduction
Plant-associated microbiomes are certainly a rich source for bioactive molecules
like enzymes and secondary metabolites. In particular mosses, especially those belonging to Sphagnum magellanicum, are historically known for their antimicrobial
activity and production of bioactive substances. Previous metagenomic studies in-
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dicated a very high taxonomic and functional diversity in the Sphagnum microbiome, supporting the plant in terms of metabolisms, growth and health.1
Our objective was to investigate the availability of catalytic enzymes and biosynthetic gene clusters in the Sphagnum microbiome using functional metagenomics.
Methods: We employed a combination of screening techniques like in silico data
mining and in vitro screening of metagenome clone libraries, to decipher the availability enzymatic activities.
Results
In a first screening approach we were able to identify new polyester-degrading
esterases in the moss metagenome. The polyesterases were isolated for heterologous expression in E. coli and detailed biochemical characterization.2 During a
second screening approach we investigated the occurrence of nonribosomal peptide synthetases (NRPS) and polyketide synthases (PKS). NRPS and PKS are major
catalysts for the synthesis of diverse microbial bioactive compounds like antibiotics
or antifungals. We encountered a high level of diversity of these biosynthetic genes
in the moss metagenome.3 From thirteen identified NRPS-sequences we are currently investigating a novel synthetase that shows an exceptional domain architecture and could be putatively involved in the production of homopoly(amino acid)
s, an unusual class of polymeric compounds. Conclusion: Up to date, investigations
on the availability of enzymes in plant-associated microbiomes have been limited
to a few examples.4 With this study we highlight the potential of plant-associated
microbiomes for the discovery of bioactive natural products and enzymes of biotechnological interest.
References
1. Bragina A, et al. 2014. Mol Ecol 23:4498-4510.
2. Müller CA, et al. 2016 (in preparation).
3. Müller CA, et al. 2015. Appl Environ Microbiol 81:5064-5072.
4. Müller CA, et al. 2016. J Biotechnol. doi.org/10.1016/j.jbiotec.2016.03.033.
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of genes expressed by complex microbial communities
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Université Auvergne, EA 4678 CIDAM, CLERMONT-FERRAND, France
4
The International Graduate School of Zittau- Technical University of Dresden (IHIZTUD), Department of BIo and Environmental Sciences, ZITTAU, Germany
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The systematic sequencing of metagenomes or metatranscriptomes gives a global
view of the gene pool of complex microbial communities. The complexity of these
communities makes it difficult however the assembly of short sequence reads to
obtain full-length gene sequences. An alternative to address the functional diversity of microbial communities is to focus on specific gene families implicated in a process of interest such as organic matter degradation. The diversity of gene families is
classically assessed through the systematic sequencing of PCR fragments amplified
from metagenomes/metatranscriptomes using gene-specific degenerate primers.
Such an approach gives only partial gene sequences while would be advisable to
obtain full-length gene sequences for accurate phylogenetic reconstruction and
also to obtain recombinant proteins whose substrate specificities could be tested
in vitro. In the present study we implemented a sequence capture approach to isolate putatively full-length cDNAs from fungal mRNA directly extracted from decaying wood, soil and sediments. Starting from a highly complex metatranscriptomic
cDNA pool, sequence capture specifically enriches this pool in sequences of the
studied gene families. This enriched gene pool can either be submitted to systematic sequencing to obtain full-length gene sequences or cloned for expression of the
recombinant proteins in yeast. We are applying this approach to different fungal
gene families encoding enzymes putatively implicated in plant-biomass modification/degradation. These gene families encompass Glycoside Hydrolases as well as
secreted peroxidases whose substrate range, implications in plant biomass (lignin)
degradation and roles in fungal biology need to be clarified.
P52
A fast performing amplicon metagenomics pipeline
O. Rücker1, A. Dangel1, S. Kotschote1
1
IMGM Laboratories, Metagenomics, Martinsried, Germany
Metagenomic analyses using 16S rRNA or other amplicons, for analysis of microbial
communities in environmental or human associated samples, have become standard procedure. In this study we assessed and optimized the usability of available
platforms in library preparation, sequencing and bioinformatics analysis for metagenomic analyses. Using this approach IMGM is able to use a fast performing
amplicon metagenomics pipeline for its daily service.
For this purpose we used a mock community with species derived from various habitats (e.g. human associated, soil, aquatic). We use a two-step 4 primer approach
which amplified products between 350 bp and 550 bp and spanning multiple 16S
variable regions (e.g. V3 and V4, V1 to V3). For bioinformatics analysis we have used
several platforms and tested the results through our mock community samples.
Several optimizations are leading to increased quality e.g barcoding primer puri-
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fication, proofreading polymerase and adapted library input amounts for MiSeq
sequencing. Mostly the V3 to V4 variable regions of the 16S rRNA gene are being
amplified using validated methods and sequenced on the Illumina MiSeq platform.
Analyses of mock communities during validation showed high sensitivity, linearity
and stability of our method within and between sequencing runs. These analyses
also showed increased detection sensitivity of the centroids method when compared to other software solutions mostly using OTU based approaches.
Using our 4 primer approach enables us to include every metagenomics amplicon
within a length of 350 bp to 550 bp and helps us deliver a fast and flexible sequencing service beyond 16S. The generation of such high quality amplicon reads using
a high throughput sequencing platform enables a more precise insight into the
analyzed community thus opening new perspectives for metagenomic analyses.
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Aerobic cometabolism of cis-1,2-dichloroethylene (cDCE) promoted by selected
plant secondary metabolites-enriched cultures
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1
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Introduction
The current concern about the widespread occurrence of cis-1,2-dichloroethylene
(cDCE) in the environment calls for the development of effective clean-up technologies. Successful ones are based on aerobic cometabolic degradation of cDCE
enhanced by suitable growth-supporting substrates. Naturally occurring monoaromatic plant secondary metabolites (SPMEs) are known enhancers of the biodegradation of xenobiotics in the environment.
Objectives
The aim of this work was to demonstrate whether the aerobic cometabolism of
cDCE was promoted by previously selected SPMEs.
Methodologies
A microbial community retrieved from a long-term cDCE-contaminated soil was enriched in the presence of cDCE (~5 µmol∙L-1) and one of following SPMEs (50 mg∙L1): acetophenone (AP), p-hydroxybenzoic acid (HB), trans-cinnamic acid (CA), phenethyl alcohol (PH). The overtime cDCE depletion in the culture headspaces was
assessed by gas chromatography combined with electron capture detection. The
structural diversity and the phylogenetic composition of the four enriched microbial communities were addressed basing on the sequencing analysis of the community 16S rRNA genes performed by means of Illumina MiSeq platform technology.
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Results
The cDCE depletions over time attained in the presence of AP, HB, CA and PH were
respectively equal to 0.60 ± 0.01 µmol∙L-1∙d-1, 0.45 ± 0.02 µmol∙L-1∙d-1, 0.26 ±
0.03 µmol∙L-1∙d-1 and 0.59 ± 0.08 µmol∙L-1∙d-1. In addition, the employment of
different SPMEs remarkably impacted the structural diversity and the dominancy
of different OTUs related to microorganisms affiliated with different phylogenetic
classes within each community.
Conclusions
This work proves for the first time that properly selected SPMEs can serve the aerobic cometabolic degradation of cDCE. Such an outcome encourages further investigation about SPMEs utilization to promote the biodegradation of a wider spectrum
of chlorinated ethenes, providing the bases for the possible implementation of
more sustainable processes for the environmental decontamination.
Acknowledgements
The support of Czech Science Foundation is acknowledged (project no. 14-32432S).
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on wheat straw, switchgrass and corn stover: target metagenomic approach“
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Introduction
Lignocellulose biomass, such as wheat straw, switchgrass and corn stover, is an
attractive, cheap and available carbon source globally. However, the main impediment for its use is the recalcitrant nature of the substrate. New enzymes are
being looked at to deal with this problem. Lytic polysaccharide mono oxygenases
(LPMOs) are essential oxidative enzymes boosting the enzymatic conversion of
recalcitrant polysaccharides, while glucuronoyl esterases (GE) hydrolyze the ester
bond between lignyl alcohols and the acid chain of xylan. Both kinds of enzymes
are attractive in the lignocellulose degradation process.
Objectives
To explore the potential LPMO and glucuronoyl esterase machineries of six microbial consortia which were selected on different lignocellulose recalcitrant biomass
with different microbial sources as inocula.
Materials & methods
Six enriched consortia were obtained by dilution-to-stimulation. Three were obtained using different microbial sources as starter inocula with raw wheat straw
as single carbon source. The remainder was obtained using forest soil as inoculum
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and different lignocellulose waste biomass: raw wheat straw, switchgrass and corn
stover. Initially-enriched consortia were further selected on recalcitrant substrate.
From the final consortia, triplicates were sequenced by Illumina MiSeq V3, 300bp,
as well as shotgun metagenomics sequencing.
Results
Well-defined separation by source and composition between the different consortia in terms of enzymatic capacity. LPMOs and GE family enzymes were abundantly
and differentially present. The season in which the inocula were taken had strong
effects on the composition of the consortia.
Conclusion
Sequences related with LPMO and GE family enzymes are highly dependent of the
type of enrichment, microbial source, working conditions and substrate. Abiotic
factors were drivers of the composition and distribution of the microbial consortia,
resulting in a specific selection of LPMO and GE.
P55
Development of nanofiber biomass carrier for effective sampling: differences in
microbial community on carries and groundwater
J. Dolina1, I. Dolinová1, R. Špánek1, L. Dvořák1
Technical University Liberec, Institute for Nanomaterials, Advanced Technologies
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Because a pollution of groundwater and soil represents serious problem, different
treatment process were developed to date. Recently, mechanical or chemical treatment has been applied. Nowadays, biological or combined (chemical-biological)
treatment is typically used. As biological processes are involved in remediation,
molecular genetic methods provide effective tool allowing monitoring and prediction of natural biodegradation. However, proper sampling is a crucial step prior
to analysis. This study is, therefore, focus on acceleration, automatization and enhancement of precis pre-treatment of biomass sampling prior to DNA isolation.
Different shapes of biomass carriers made of nanofibers varying in nanofibers density were developed in order to replace expensive and time consuming filtration
of groundwater. Due to the very high specific surface of nanofibers, such carriers
should result in fast and high biomass grow, thus high DNA yield. Moreover, their
main advantages lie in easy transport and subsequent sample preparation.
Four different shapes, each shape with five different nanofiber density (including
carrier without nanofibers) were placed into contaminated wells at actual site and
tested. DNA was extracted using a FastDNA Spin Kit for Soil (MP Biomedicals, CA,
USA) according to manufacturer’s protocol. Extracted DNA was quantified using
Qubit 2.0 fluorometer (Life Technologies, CA, USA). Relative abundance of 16S
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rRNA gene (total bacteria marker) was determined as control marker. All samples
were analysed using NGS targeted at the 16S rRNA gene. Amplification of the region V4 of eubacterial 16S rRNA gene was performed with barcode primers 515F
and 802R. Subsequently, an in-house prepared mock community was sequenced to
verify the experimental conditions.
NGS analysis showed differences between individual carriers, as well as groundwater and carriers. The biggest differences were mainly in quantity of detected families than in composition of autochthonous microorganisms. Families able to easily
form biofilms were more common on carriers. Although the influence of nanofiber
density on DNA yield was not clearly proven, shape of carriers impacted the composition of autochthonous microorganism’s.
This study was supported by the Technological Agency of the Czech Republic under
the project No. TA04021210: ‘Microbial colonization of the fiber surface for analytical and diagnostic practice and technical applications’. Projects No. LO1201 and
CZ.1.05/2.1.00/01.0005 are also gratefully acknowledged.
Figure 1
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1
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Introduction
Amongst the traits that may be found in environmental plasmids is the capacity to
degrade toxic organic compounds. Growing concern regarding the elimination of
contaminants with aromatic structures such as polyaromatic hydrocarbons (PAHs),
nitroaromatic compounds and emerging contaminants has led to increased efforts
to obtain improved and novel catabolic routes that may be useful for bioremediation. As plasmids may be sources for these catabolic processes, plasmid capture methodologies may be useful to access the plasmidome for functions which could extend the degradative capacities of bacterial hosts for bioremediation applications.
Objectives
To modify the transposon-aided capture (TRACA) method to improve the possibilities to capture plasmids with catabolic capacities against PAHs, nitroaromatic
compounds and emerging contaminants.
Materials & Methods
The TRACA method was modified by constructing a transposon containing the
broad host range Ori and reproduction genes from pBBR1MCS together with a selective marker. Transposition of the modified transposon was tested with a known
plasmid target and transferred to Pseudomonas putida KT2440 as a bacterial host.
Next, the method was used with plasmid DNA obtained from the rhizosphere of
alfalfa growing in artificially contaminated soil or from the biomixture of a biobed
bioremediation system (BBS) which had been used to treat emerging contaminants. To obtain the plasmid DNA from these sources, different strategies were
used. On the one hand, miniprep plasmid DNA extractions were performed from
cells separated from soil and biomixture particles by a Nycodenz gradient or from a
collection of isolates obtained from each source. On the other hand, metagenomic
DNA was obtained from each source and then treated with Plasmid Safe DNase
(Epicentre). After integration of the modified transposon, the captured plasmids
were replicated in P. putida to create collections and then analysed.
Results: The modified system had a low efficiency and a high background of autoligated transposon fragments when performed in vitro.
Conclusions
More efforts should be made to develop efficient plasmid capture methodologies.
This work is supported by grants P12 BIO772 of the Junta de Andalucía, CTM201344271-R of the MINECO, and FEDER funds.
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Prokaryotic communities in soil horizons of different genesis: structure and
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Topsoil is a most common object for soil metagenomic studies; sometimes soil profile is being formally split in layers by depth. However, Russian Soil Science School
formulated the idea of soil profile as a complex of soil horizons, which can differ in
their properties and genesis.
In this research we analyzed 57 genetic soil horizons of 8 different soils from European part of Russia: Albeluvisol, Greyzemic Phaeozem, three Chermozems (different land use - till, fallow, wind-protecting tree line), Rhodic Cambisol, Haplic Kastanozem and Salic Solonetz (WRB classification). Sampling was performed from all
genetic horizons in each soil profile starting from topsoil until subsoil. Total DNA
was extracted and 16S rRNA sequencing was done together with chemical analysis
of soil (pH measurement, C and N contents, etc.).
Structure and biodiversity of prokaryotic community are significantly different in
soil horizons, which chemical properties and processes of origin are contrasting
with nearest horizons: Na-enriched horizon of Solonetz, eluvial horizons, plough
pan of Agrochernozem. Actinobacteria were abundant in top horizons of soils in
warm and dry climate, while Acidobacteria had the highest frequency in soils of
moist and cold regions. Concerning Archaea, Thaumarchaeota prevailed in all studied soils. Their rate was bigger in microbiomes of upper horizons of steppe soils
and it was reducing down the profile.
Prokaryotic communities in Chernozems were clustered by soil horizons types: microbiomes of A (organic topsoil) and B (mineral) horizons formed non-overlapping
clusters by principal component analysis, сluster formed by prokaryotic communities of transitional soil horizons (AB) take place between clusters of A and B horizons (Fig. 1). Moreover, prokaryotic communities of A horizons differ from each
other, while microbiomes of B horizons formed a narrow small cluster.
Thus, ecological differences between soil horizons are important factor of differentiation of prokaryotic communities in soil profile; their structure can be specific for
each horizon.
The work was granted by Russian Science Foundation (grant 14-26-00079)
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Spatial pattern of soil microbiome in a mixed, uneven and highly polluted site,
and assessment of rhizoremediation potential
F. Mapelli1, L. Vergani1, S. Borin1
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Introduction
The use of plants and their root associated microorganisms to degrade or modify
the pollutants (i.e. rhizoremediation) is considered a promising approach in the
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frame of environmental biotechnology, and often it represents the most suitable
option for the bioremediation of extended polluted areas. . The SIN Caffaro (Brescia, Italy) is one of the largest sites in Europe heavily contaminated by Polychlorinated Biphenyls (PCBs). The soil in this site presents a mixed contamination of PCBs
and heavy metals in variable concentrations, uneven distributed in the area.
Aim
We hypothesize that the high concentration of pollutants recorded in the SIN Caffaro soil might represent a strong stressor involved in shaping a microbial community
potentially able to support soil remediation.
Materials and Methods
We collected soil samples from different areas located in the SIN Caffaro, for chemical and microbiological characterization. We applied metagenome-based methods,
PCR DNA-fingerprinting and Illumina 16S rRNA profiling, and biochemical methods,
estimation of soil hydrolytic activity, to describe phylogenetic and functional diversity of the soil microbiome. Moreover, a bacteria collection was established providing
biphenyl as sole carbon source, and evaluated for plant growth promotion traits.
Results
Our data showed significant differences in structure and activity of soil microbial
communities according to the site of sampling. Statistical analyses showed that
different environmental parameters, comprising the pollutant profiles, significantly
influenced the microbiome structure. Bacterial strains belonging to species known
to be involved in PCB degradation and harboring traits potentially involved in plant
growth promotion were isolated from the rhizosphere of autochthonous plants
growing on the most polluted area of SIN Caffaro.
Conclusion
We proved the occurrence of distribution patterns in bacterial populations related
to gradients in soil pollution, suggesting the highly contaminated soils at the SIN
Caffaro as a promising source of microbial resource for rhizoremediation.
P59
Spatial distribution of archaeal and bacterial taxons across a soil catena
M. Semenov1,2
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Mesorelief is a complex biogeochemical factor regulating hydrothermal regimes of
the surface soil layer, the type of plant cover, etc., and, therefore, influences on soil
microbial community structure. A natural model of soil sequence across the slope
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is a soil catena. Formed on various mesorelief positions within the catena, soils
significantly differ in physicochemical and biological properties, which can cause
changes in spatial distribution of archaeal and bacterial taxons.
The aim of this study was to determine soil microbial community structure of different ecosystems corresponding to mesorelief positions within the soil catena.
The catena was located at the right bank of the Oka River (Moscow region). Soil
samples were taken at depths of 0-20 cm, 20-40 cm, and 40-60 cm from three plots
within the transect of 960 m, corresponding to the autonomous, transitional (both
Luvisols), and accumulative (Fluvisol Umbric) positions of the landscape.
The samples were homogenized, and the total community DNA of three replicates
was extracted using the FastDNA® SPIN kit for Soil. All DNA replicates were combined in a pooled sample and the DNA was used for PCR with specific primers for
the 16S V3 and V4 regions. The products were purified and submitted to Illumina
MiSeq sequencing. Obtained sequence data were evaluated using the MiSeq Reporter Metagenomics Workflow and QIIME. Quantification of the bacterial and archaeal gene abundances were performed by RT-qPCR. The number of archaeal and
bacterial metabolically active cells were quantified by the FISH-method.
The distribution patterns of bacterial and archaeal taxa across the soil catena were
revealed. Verrucomicrobia, Proteobacteria, Firmictutes and Actinobacteria were
the major phyla in autonomous plot, and Verrucomicrobia, Proteobacteria and Acidobacteria - in transitional plot (both with the total dominance of Chthoniobacter
flavus). In Fluvisol, B. longiquaesitum и B. nealsonii were the two dominant species
in community. It was also revealed that Methanolobus taylori, Methanococcoides
methylutens, and Methanosaeta concilii were the dominant methanogens, while
Methylosinus pucelana и Methylosinus acidophilus were the main methanotrophs
in microbial community.
This research was supported by the Russian Science Foundation, Project No 14-2600079
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Most soil bacteria show environmentally stable preferences for specific particle
size fractions
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Genetic fingerprinting demonstrated in previous studies that the primary soil particles, as differentiated by their size into clay, fine silt, coarse silt and sand with particulate organic matter (POM), select for distinct microbial communities. Particle
size-specific microbial communities also appeared to respond with different sensi-
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tivity to environmental change. Here we assessed the bacterial diversity by Illumina
MiSeq sequencing of 16S rRNA amplicons from soil DNA in order to assign particle
size preferences to bacterial taxa. Furthermore, as an example for environmental change, soil variants originating from different long-term fertilisation regimes
(unfertilised, mineral fertilised, manured) were compared. Soil particle size classes
were separated by a mild ultrasonication-centrifugation protocol. Compared to the
non-fractionated soils, the fractionation procedure only caused a loss of up to 0.4%
of the total 16S rRNA gene sequences, while on the other hand, a maximum of
0.9% new sequences were recovered. Statistical analyses revealed that the sand/
POM fraction was the preferred site for Streptomycetaceae and members of Bacteroidetes, coarse silt for Gemmatimonas, fine silt for other Actinobacteria and
Nitrosospira, and clay for Planctomycetales and members of the Firmicutes, respectively. As indicated by the number of responsive taxa, coarser fractions, especially coarse silt, were more responsive to long-term fertilisation than fine silt and
clay. For the vast majority of taxa, the different fertilisation regimes did not alter the
bacterial PSF-preferences. In conclusion, this study reveals environmentally stable
preferences of bacterial taxa to soil particle size fractions and therefore suggests
that soil primary particles are a dominant factor for structuring bacterial diversity
in soils.
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Some like it cold, some like it colder - strong regionality in the diazotrophic bacterial communities of arcto-alpine pioneer plants
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Arctic and alpine biomes cover 8% of the terrestrial surface. Both biomes are characterized by low temperatures and short growing season, but they differ in seasonality of solar radiation and in soil water balance due to underlying permafrost in
the Arctic. Arcto-alpine plant species are well adapted to prevailing low temperatures in their habitats, and plant growth is mainly limited by availability of nutrients,
in particular nitrogen, due to slow mineralization.
Plant associated microbiota are known to be vital in the nutrient acquisition and
stress tolerance of their host plants in all climates. Arcto-alpine plants are known to
host endophytic bacterial communities resembling their temperate counterparts in
richness and diversity. Phylogenetic studies indicate that these bacteria are closely
related to plant associated bacteria from other cold climates, yet relatively little is
known of their community structures and functions.
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In this study, we characterized the potential nitrogen fixing bacterial (PNFB) communities associated with two arcto-alpine plant species, Oxyria digyna and Saxifraga oppositifolia in three arcto-alpine climate regions: High Arctic (Ny-Ålesund,
Svalbard), Low Arctic (Kilpisjärvi, Finland) and European Alps (Mayrhofen, Austria).
Our goal was to investigate, how (1) soil properties, (2) climate (region) and (3) host
plant and plant species shape these communities. We sampled root endosphere,
rhizosphere and bulk soils in all three regions, and characterized the communities
by massive parallel sequencing of nifH amplicon libraries.
The data revealed strong regional effects on the PNFB communities. Specifically,
proteobacterial genera Geobacter and Leptothrix were prevalent in Mayrhofen
plant and soil communities, while members of the Clostridiales were more abundant in the arctic regions (Kilpisjärvi and Ny-Ålesund). Plant and soil communities in
the Arctic were highly divergent, with Clostridia spp. being detected mainly in the
endorhiza. Overall, anaerobic bacterial taxa dominated the PNFB of the two plant
species in all study sites, especially in High Arctic.
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Temporal dynamics in microbial soil communities at anthrax carcass sites.
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Nutrient availability and moisture are defining parameters of soil microbes in semiarid environments. Introduction of animal carcasses provide large inputs of nutrients, fluids and host-associated microbes into the soil. One trigger for animal
death is Anthrax caused by the spore-forming bacterium Bacillus anthracis. The
bacterium is present in soils as spores that are activated after ingestion by grazing
mammals. After killing an animal, B. anthracis cells return to the soil where they
sporulate, completing the lifecycle of the bacterium. It is unclear, how animal carcass with large numbers of B. anthracis cells influence the soil community.
We therefore studied microbial soil community dynamics over 30 days (Etosha National Park, Namibia), after decomposition of two zebra anthrax carcasses.
Time-series metagenomics data showed that during the experiment the microbial
community quickly changed and became dominated by the opportunistic orders
Bacillales and Pseudomonadales with genomes enriched for metabolic pathways
needed for proliferation. Bacteria commonly found in semi-arid soils (e.g. Franki-
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ales and Rhizobiales) dominated at the end of the time-series. Those orders have
pathways involved in desiccation and radiation resistance. Thus metagenomic data
showed that anthrax carcasses have a substantial influence on the microbial communities of semi-arid soils.
To avoid state-associated-challenges (i.e. vegetative/spore) we monitored Bacillus
anthracis, throughout the period. Using shotgun metagenomics, quantitative PCR
and cultivation, we observed that vegetative B. anthracis abundances peak early in
the time-series and then quickly drop, at which time they are replaced by spores.
We find that DNA-based approaches underestimated total B. anthracis abundances, due to difficulty in DNA extracting from spores. Furthermore, current bioinformatic tools have difficulties differentiating between the very closely related Bacillus
cereus group species. This suggests that DNA-based approaches of spore-forming
bacteria in their natural habitat are insufficient for estimating their abundances.
We show, however, that complementing DNA based approaches with cultivation
may give a more complete picture of the ecology of spore forming pathogens.
P63
Soil microbial biomass is modulated by external 14C in rhizosphere soil under
drought condition
A. Khan1,2, Y. Kuzyakov2
The University of Agriculture, Peshawar, Agronomy, Peshawar, Pakistan
2
Georg August University of Göttingen, Soil Science of Temperate Ecosystems, Göttingen, Germany
1

Soil moisture has direct effects on microbial activity and soil organic matter (SOM)
decomposition. However, it is unclear if the presence of low molecular weight organic compound alters these responses through rhizosphere processes. We studied
the effect of moisture stress (optimum and drought) on 14C glucose decomposition
and soil microbial biomass accumulation in rhizosphere soils (roots removed, and
roots not removed) and non-rhizosphere soil in a two months incubation studies.
Two separate sets of soils of C3 crop origin (of equal mass in microcosm) were
placed in growth chamber for 4 weeks at 35% (drought) and 70% (optimum) relative water holding capacity. Pre-germinated maize seedlings were transferred to
each of the soil, and the moisture were maintain thereafter. The soils having plants
were grouped into rhizosphere soil (+R) or root removed manually (-R), whereas
the no plants soil were considered as non-rhizosphere soil (NR). All these treatments i.e. +R, -R and NR from optimum and drought incubated with or without
14C glucose. We observed an overall increase in soil-derived CO2-C efflux in both
R+ and R- compared to NR. The addition of 14C glucose to R+ had higher 14CO2-C
efflux than R-/NR in drought condition. Maize plantation for rhizosphere soil prepa-
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ration had about half microbial biomass carbon (MBC) at optimum moisture condition over the drought. Similarly, the addition of 14C to Rhizosphere soil had higher
MBC in drought condition over the optimum moisture condition. However, 14C
addition to NR had higher MBC in optimum water condition compared to drought
condition. Whereas greater post incubation MBC at optimum moisture condition
was observed in all type of soil having no 14C glucose addition. The CO2-C efflux
and 14CO2-C efflux was higher in optimum soil moisture condition, whereas the
MBC was greater in drought condition. It was concluded the response to soil moisture was apparent for SOM decomposition between rhizosphere and NR soils, possibly by production exudates from roots. These roots exudates may also have become effective in stimulating microbial decomposition in drought condition. These
findings indicate that the addition of low molecular weight compound either from
rhizosphere processes or through 14C glucose had modulated MBC in drought condition
P64
Metagenomic analysis of nitrogen cycling potential in natural and drained tropical peatlands of French Guiana
M. Espenberg1, J. Truu1, M. Truu1, K. Kasak1, T. Ligi1, K. Oopkaup1, M. Maddison1
î Mander1
1
University of Tartu, Department of Geography, Tartu, Estonia
Anthropogenic actions are transforming biogeochemical cycles in the biosphere
substantially. It has long been known that drainage of peatlands result in a loss of
carbon stock but a comprehensive study of the nitrogen cycling potential in the
tropical peatland is lacking. This study examined physiochemical conditions and
prokaryotic community structure (the bacterial and archaeal 16S rRNA genes and
key functional genes involved in nitrogen cycling (nirS, nirK, nosZI, nosZII, bacterial
and archaeal amoA, nifH, nrfA, ANAMMOX bacteria specific 16S rRNA genes)), and
evaluated the effect of drainage on these factors, in the 10 cm thick residual peat
layer of tropical peatland located in French Guiana.
The sampling was carried out in October 2013 at two sites (undisturbed and drainage influenced) of the northern part of French Guiana. Quantitative PCR was applied
to evaluate the community sizes by quantifying the abundance of different genes.
Edge principal component analysis was used to detect important differences between natural and drained metagenomic samples that contain closely related taxa.
Absolute abundance of the bacterial 16S rRNA genes and nirK, nosZI, nosZII, nifH,
nrfA functional genes was statistically significantly higher in undisturbed than in
drained tropical peatlands, however, the effect was opposite in case of abundance
of archaeal 16S rRNA genes, nirS and archaeal amoA genes. nrfA genes and bac-
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terial amoA genes were only identified in natural and drained tropical peatlands,
respectively. Proportion of nosZI and nifH genes in the bacterial community was
statistically significantly higher and proportion of nirS and nirK genes in the bacterial community was statistically significantly lower in natural tropical peatland
compared to drained conditions. In cases of nirS, nirK, nosZ, archaeal amoA, nifH
genes, edge principal component analysis indicated a significantly different nitrogen-transforming community was present in undisturbed tropical peatlands compared to those that were drained.
P65
Soil microbial responses to drought and rainfall events
A. Meisner1,2
Lund University, Biology, Lund, Sweden
2
Copenhagen University, Biology, Copenhagen, Denmark

1

Ecosystems will likely be exposed to extreme weather events due to climate change.
These extreme events include altered rainfall patterns such as frequenter and prolonged drought and rainfall events. It is well known that soil moisture has a direct
effect on soil microbial activity. However, less is know about the legacy of these
drought and rainfall events on plant species or microbial functioning during an additional stress event. Here, we studied how changes in soil microbial communities
due to an initial drought and rainfall event can influence soil microbial functioning
or plant species during a second drought and rainfall event.
In two microcosm experiments, soil microbial communities were exposed to two
or multiple cycles of drying-rewetting events in the lab. Soil microbial community
composition of potentially active and total communities, bacterial growth and/or
soil respiration were determined. In a mesocosms experiment, soil was exposed to
four weeks of drought followed by extreme rainfall in a full factorial design. After
three weeks, soil was sampled and DNA was extracted and amplicon sequenced to
determine the community composition of soil bacteria and fungi. In addition, plant
responses were measured.
The results indicated that the first drought and rainfall event determined the functioning of the microbes that were exposed to a second rainfall event. The microbial
communities differed between different treatments. In addition, microbes became
in a more active state when they were exposed to multiple cycles. Different drought
and rainfall events changed the composition of the microbial community thereby
explaining the altered response of the plant community to an additional drought
and rainfall event. As such, soil microbial responses to drought and rainfall events
and their legacies are important to consider for ecosystem functioning.
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Response of Paddy Soil Microbial Communities to Drainage
R. Abdallah1, C. E. Wegner1, W. Liesack1
Max Planck Institute for Terrestrial Microbiology, Biogeochemistry, Marburg, Germany

1

Introduction
Methane is one of the most abundant hydrocarbons on earth and a major greenhouse gas. Rice cultivation is one of the primary anthropogenic sources of methane. Therefore, mitigation strategies such as drainage are needed to reduce its
emission from rice paddies.
Objective
The aim of our study is to understand how drainage affects the structure and functioning of paddy soil microbial communities.
Materials & methods
Using paddy soil from Vercelli, flooded microcosms amended with grinded rice
straw were set up and incubated for 28 days, followed by 9 days of drainage. Metatranscriptome Illumina HiSeq 2500 libraries were generated using total RNA extracted from flooded and drained soil at a depth of 2 cm.
Results
After 9 days of drainage, the oxygen concentration was increased from completely
anaerobic to fully aerobic conditions (~ 240 µmol/L), while the water potential had
decreased to ~ -660 Kpa (corresponding to ~ 14.8 % gravimetric moisture content).
Concurrently, the relative 16S rRNA abundance of Firmicutes had decreased, while
that of the Proteobacteria and Actinobacteria had increased. On family level, aerobes such as members of the Comamonadaceae and Nocardioidaceae proliferated
during desiccation, while anaerobes such as Clostridiaceae and Ruminococcaceae
showed the opposite trend. Notably, the 16S rRNA abundance of Methanosarcinaceae remained nearly constant, while their relative mRNA abundance strongly
declined. Transcripts affiliated with the SEED level 1 categories “Stress response”
and “Respiration” were detected with high mRNA abundance. Taxonomic binning
showed that these transcripts were primarily expressed by the Firmicutes and Euryarchaeota under flooded conditions and by Actinobacteria and Proteobacteria in
the drained soil.
Conclusion
Nine-day drainage induced strong changes in community structure and functioning, with increasing oxygen availability as the main driving force. The decrease in
water potential had only a secondary effect on the community dynamics. Except
for Methanosarcinaceae, taxonomic changes in the 16S rRNA and mRNA pools during drainage agreed well. Changes in functional gene expression were well resolved when analysed for particular phylum- and family-level groups.
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Antarctic prokaryotic communities – soil genesis processes and the anthropogenic impact
E. Pershina1,2, E. Ivanova1,3, E. Abacumov4, E. Andronov1
1
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2
Saint-Petersburg State university, Microbiology, Saint-Petersburg, Russian Federation
3
Dokuchaev Soil institute, Soil Biology, Moscow, Russian Federation
4
Saint-Petersburg State university, Applied ecology, Saint-Petersburg, Russian Federation
Antarctica soils cause considerable scientific interest being a good model for studying the processes of soil genesis. However, this unique natural heritage can be
partially destroyed by the significant anthropogenic impact associated with the various human settlements. In order to evaluate this the microbiome composition of
the three contrast sites in Western Antarctica was investigated by use of 16S rRNA
gene pyrosequencing. Soil samples has been sampled during the field season of
61-th Russian Antarctic Expedition (Fildes Peninsula, Kind George Island, Western
Antarctic). The following surface soil samples were selected: 1)Anthropic Lithosol,
located close to the building of Meteohause, Bellinsgausen station; 2) Enitsol with
only primary features of soil formation located in fresh moraine in zone of deglaciation of the Collins cape glacier; 3) Cryosol which was formed on the territory
of periglacial zone with moraine hills of approximately 30 years age. Each sample
was replicated five times. The microbiomes of Anthropic Lithosol differed significantly from the other two soils demonstrating the lowest levels of species richness and phylogenetic diversity. The microbiomes of these soils were dominated
by the bacteria of the families Nostocaceae (predominantly by the genus Nostoc),
Sphingomonadaceae, Intrasporangiaceae and the unidentified uncultured bacteria
from the family Ellin6075. Cryosol were inhabited mostly by the bacteria from the
families Verrucomicrobiaceae, [Chtoniobacteraceae] and Chitinophagaceae, whereas Xanthomonadaceae and Nocardioidaceae families formed the majority in the
microbiomes of Enitsol samples. Thus, this study evaluates the taxonomic composition of microbiomes of the antarctic soils of different genesis as well as soils with
the antropogenic impact. All soil varieties are inhabited by the specific bacterial
genera which can be suggested as ecological indicators of soil formation as well as
soil disturbance processes. Here we present the first sketch that has been done to
start the big project of the monitoring of the degradation processes as well as soil
genesis processes of the antarctic soils induced by Saint-Petersburg State university. This work was supported by Russian Science Fundation (RSF) [grant number
14-26-00094].
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Prokaryotic community of hypersaline soils from Odiel saltmarshes unveiled
through metagenomics
B. Vera-Gargallo1, C. Sánchez-Porro1, A. Ventosa1
1
University of Sevilla, Faculty of Pharmacy, Department of Microbiology and Parasitology, Sevilla, Spain
Introduction
Hypersaline environments are examples of extreme environments in which the
most important factor limiting life is a high concentration of sodium chloride and
other salts. Solar salterns have traditionally been the model system for studying
these habitats. Less extensively studied, understanding of hypersaline soils urges
due to the increasing impact of soil salinization.
Objetive
To determine the microbial inhabitants of hypersaline soils from the Tinto and
Odiel saltmarshes, in the Southwest of Spain, comparing the results with those
from solar salterns, from which extensive data exist.
Methods
Two 454 shotgun metagenomes from unvegetated soils located in Odiel saltmarshes were sequenced in different years. Quality filtering of the datasets was performed with FASTQC and 16S rRNA sequences were annotated using RDP 11 database. C+G content and isoelectric point from predicted proteins were calculated with
the EMBOSS package. Newbler v2.9 was employed for assembly. MetaBAT, VizBin
and CheckM were used for obtaining and curating bins.
Results
Almost 50% of the sequences corresponded to the phylum Euryarchaeota, being
Bacteroidetes, Betaproteobacteria and Actinobacteria the most represented bacterial phyla. Bacterial diversity was higher than archaeal, similar to what it has been
described for salterns’ ponds with the highest salinities. The isoelectric point of
predicted proteins reflected the great number of organisms using the “salt-in” strategy to cope with high salinity levels, such as the Euryarchaeota group. However,
we did not find any sequence related to Haloquadratum genus- which has been
reported as the most abundant archaea dwelling in crystallizer ponds- nor a peak
corresponding to this organism in the analysis of the G+C content of sequences.
Interestingly, the most complete bin obtained was related to Sphingobacteriales
and not Euryarchaeota.
Conclusions
At the phylum level, the studied soils are similar to salterns crystallizer ponds, with
a limited diversity of Archaea and a variety of bacterial groups. At finer taxonomic
levels, archaeal representatives seem to be more diverse. Further investigation is
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needed to elucidate the reasons of Haloquadratum genus differential abundance
in hypersaline terrestrial and aquatic habitats as well as its role in community functioning.
P69
Carbon, water availability and abundance of microbial groups are key determinants of nitrous oxide emission from soil in a sustainable bioenergy crop
K. Silva Lourenço1,2, H. Cantarella2, M. Dimitrov1, A. Pijl1, J. Soares2, J. A. van Veen1,3
E. E. Kuramae1
1
Netherlands Institute of Ecology (NIOO-KNAW), Wageningen, Netherlands
2
Agronomic Institute of Campinas, Environmental Resources Center, Campinas, Brazil
3
Lieden University, Institute of Biology Leiden, Leiden, Netherlands
Nitrogen (N) fertilization has been the main source of nitrous oxide (N2O) emission
in sugarcane production. In Brazil, sugarcane management practices, such as the
use of vinasse (by-product of ethanol production), may significantly contribute to
N2O emission. Therefore, understanding the in-field N2O emission under different
vinasse management, is pivotal to ensure sustainability. The objective of this study
was to evaluate N2O emission during a sugarcane production cycle under different
vinasse concentrations. Moreover, the period of vinasse application, in relation to N
fertilization, and seasonal effects (dry-winter VS rainy-spring) were evaluated. Concentrate vinasse (CV) and non-concentrated vinasse (V) were applied in two different periods, 30 days before N fertilization and together with N fertilization. In
total, N2O emission was evaluated for 90 days and quantification of key microbial
functional genes related to N2O emission, was performed in order to determine the
main process responsible for emissions in each season. Quantitative real-time PCR
was used to quantify the abundance of the following genes: archaeal and bacterial
amoA, bacterial nirK, nirS, nosZ, 16S and 18S rRNA. The next step will be use a highthroughput sequencing of soil bacterial amoA gene to identify the microbes related
to N2O emission. Data of cumulative emissions was analyzed by ANOVA and means
were compared by orthogonal contrasts (p2O flux and abundances of microbial genes. The effect of N fertilization and vinasse application on N2O emission was highly
affected by environmental conditions, especially soil moisture (rain events). Anticipating vinasse application, with respect to N fertilization, decreased N2O emission.
The application of N along with CV increased N2O emission due to the presence of
both readily available C and N for the soil microorganisms. Therefore, the application of vinasse and N fertilization on the same day should be avoided, since such
combination boosts N2O emission. Interestingly, N2O emission was significantly correlated with the abundance of bacterial amoA gene, which suggests nitrification as
the principal contributor to N2O emission in soil treated with vinasse and N fertilizer.
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Total RNA sequencing and assembly potential in microbial community ecology
A. Stovicek1, O. Gillor1
Ben Gurion University of the Negev, Environmental and Aquatic Microbiology,
Midreshet Ben Gurion, Israel
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Question
Parallel sequencing revolutionized environmental microbiology and microbial ecology enabling researchers an unparalleled understanding of community composition in various ecosystems. Yet many methodological biases hunt researchers.
Between others the template concentration, pooling of PCR amplicons, primers
specificity, amplification bias and reproducibility were repeatedly shown to skew
results. This bias heightens when exploring poorly studied ecosystems where the
microbial communities are unexplored and underrepresented in available databases. Moreover, some microbial groups are marginalized in the literature (e. g. protists) and thus we lack known conserved sites in their marker genes and are unable
to amplify them. Furthermore, samples have to be processed separately in order
to study each microbial group and comparison between microbial groups could introduce artifacts in the analysis. To avoid these biases we aim to directly sequence
RNA extracted from hot desert soil, skipping the amplification process.
Methods
To that end, we have sequenced (using HiSeq by Illumina) and subsequently analysed the total RNA extracted from desert soil sampled at in the Negev desert and
collected during a seasonal flood rain event.In our study, we have modified previous reports attempting similar approaches. Presently, we intend to develop means
to assemble reads from the total RNA sequences.
Results
Preliminary experiments using computer generated mock dataset were successfully performed to establish the feasibility of this approach.
Conclusions
This approach can handle sequences that originate from conserved sites within
the rRNA gene. The developedapproach could be widely applied in microbial ecologyfor evaluating microbial communitieswhile avoiding biases inherent in other
methods.
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Abundance and diversity of functional genes involved in nitrogen mineralisation
from differently managed soils under projected future drought scenarios
M. Lori1, S. Symanczik1, P. Mäder1, A. Gattinger1
1
Research institute of organic farming (FiBL), Soil science, Frick, Switzerland
Considering the projected population growth and climate changes, our food and
farming system will be exposed to further challenges in providing and securing
enough food, and thus agricultural systems with a high potential to deal with extreme weather scenarios whilst minimizing negative environmental impacts, are
inevitable. One option is eco-functional intensification through organic farming, an
approach based on exploiting internal natural resources and processes to secure
and improve agricultural productivity whilst minimizing negative environmental impacts. In this concept an active soil microbiota plays an important role.
Initially, our systematic global literature search followed by a meta-analysis revealed
organic farming systems to have up to 59% and 84% enhanced microbial size and
activity, respectively, compared to conventional. Furthermore, a semi-quantitative
analysis about microbial community structures displayed differences in species diversity and richness to occur as well between the two systems.
The present study aims to analyse, whether the observed microbial community
differences translate into functional differences in regard to nitrogen mineralisation processes. The hydrolysis of proteins into smaller peptides and amino acids is
the initial step of the transformation from organically bound nitrogen into mineral
and plant available forms. We hypothesize a higher abundance and diversity of
proteolytic genes and a shift within nitrogen pools to be present in organic systems
compared to conventional, especially pronounced under drought scenarios.
Soils from farming system comparisons in Switzerland and Germany were incubated pairwise for 56 days with or without the input of lupine litter under optimal and
drought conditions. Greenhous gas measurements, geochemical analysis and qPCR
were used to analyse differences in nitrogen pools and abundances of genes involved in the nitrogen mineralization cascade (apr, npr, sub, ureC, amoAOA/amoAOB).
The experiment was successfully completed, analyses are currently running and
first results will be presented at the symposium. In order to assess differences between the two farming systems in regard to functional diversity of proteolytic genes,
amplicon sequencing of selected samples will be realised in the near future.
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Effect of simulated warming on soil N and P cycling and microbial community
composition and functioning in a mountain grassland ecosystem
M. Choma1, J. Bárta1, P. Čapek1, E. Kaštovská1, J. Kopáček2, H. Šantrůčková1
University of South Bohemia, Faculty of Science, Department of Ecosystem Biology,
Ceske Budejovice, Czech Republic
2
Biology Centre of the Czech Academy of Sciences, Institue of Hydrobiology, Ceske
Budejovice, Czech Republic
1

The global climate change leads to warming expected to be the most pronounced
in mountain areas. Increased temperature can change soil nitrogen (N) cycling and
phosphorus (P) retention and the microbial community composition.
To simulate warming and evaluate its effect on soil N and P cycling and microbial
community, we conducted a transplant experiment in two valleys of the Tatra Mts.
(Slovak Republic).
Undamaged soil cores with natural vegetation (16 x 16 x 10 cm) were taken from
mountain grassland plots, placed to plastic boxes (16 x 16 x 10 cm) and transplanted to plots with lower elevation within the same valley. The transplants were moved 200 and 400 m down, simulating enhancement of the mean annual temperature ca. 2°C and 4°C. In-plot control transplants were made on each plot as well.
The bottom of the boxes was perforated and covered with a net to enable water
through-flow, but to avoid root ingrowth. In addition, ion exchange resin bags were
placed under the boxes to measure in situ N and P leaching from transplants. After
two years, the transplants were collected and N and P chemistry (water extractable
forms, sorption to ion exchange resins), enzymatic activity, net N transformations,
soil microbial biomass and diversity (soil DNA sequencing) were measured.
Two years of exposure to enhanced temperature increased leaching of P and N
from the transplants and a shift in the C:N:P stoichiometry of enzymatic activity,
favoring N and P acquisition to the enzymatic C mining. In transplants moved 400
m down (representing most pronounced warming), we further documented significantly faster net N mineralization and nitrification and higher concentrations of
N and P in the soil solution. Despite the changes in soil chemistry and microbial
activity, we didn‘t find any shift in microbial biomass and its C:N:P stoichiometry as
well as in the overall microbial community composition.
Our results suggest that even when the structure of microbial communities (both
bacterial and fungal) did not significantly change after two years of transplant experiment, its functioning in several important soil processes already altered, with
potential significant implications for N and P retention in the system. It further indicates that very similar communities can differ in functional abilities, when exposed
to distant environmental conditions.
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Microbial Abundance Associated with Mitigation of N2O in Conservation Land
under Soybean Cultivation
B. M. Ferrari1, C. D. Borges2, H. Debiasi3, J. C. Franchini3,4, T. S. Mui1
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3
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4
Brazil
The effect of agricultural management practices on soil bacterial communities is
of great importance as soil bacteria are critical to maintaining soil fertility. In soil,
bacteria participate in most biological soil processes, including nutrient cycling and
decomposition of organic matter. However, inadequate soil management practice can result in higher emissions of nitrous oxide (N2O), as well as minimize the
availability of nutrients for plants. Otherwise, conservation practices with a greater
contribution of inputs, crop rotation and not soil disturbance showed high potential to mitigate emissions of greenhouse gases. Thus, the aim of this study was to
determine the microbial activity (16S rRNA Bacteria and 16S rRNA Archaea) and
identify the genes associated with emissions of greenhouse gases in the soil, in response to environmental changes affected by different management practices and
soil types. The experiment was conducted in two soybean agricultura areas in Brazil
soils with sandy and clay, with and without liming in no-till system. After sampling
the soil at a depth of 0-10 cm, the DNA is extracted from the ground using the kit
PowerLyzerDNA and absolute quantification of the genes was determined by qPCR
technique. The results showed a reduction in the abundance of bacteria in the two
types of soil with addition of lime, yielding an average 4.73 × 109 and 2.96 × 109
copies of the gene per gram of soil (g . soil-1), respectively. For Archaea were no
differences in copy number among the treatments (p <0.05). The nosZ gene was
significantly higher in sandy soil with lime (1.21 × 105 g. Soil-1). The clay soil reduction the number of copies of the gene nosZ. For gene nifH were no differences
between treatment in sandy soil (p <0.05). However, in the clay soil was obtained
high copies of gene nifH (1.58 × 106 g. Soil-1) in the control that with liming (2.74
× 105 g. Soil-1). The emissions of greenhouse gases, both soil types showed consumption of CH4, and liming reduces the methane emissions. Thus CO2 emissions,
no differences were observed (p <0.05) between soil types. Sandy soil showed high
N2O emissions in control. The type of management promoted reductions in N2O
emissions. The data set suggests that better management of soil fertility can reduce the environmental impact, sustaining the productivity of grain culture
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Elevated atmospheric CO2 alters functional and phylogenetic diversity of potential fungal N2O-producers under a permanent grassland
C. Maisinger1, S. Ratering1, M. Cardinale1, C. Müller2,3, S. Schnell1
Justus-Liebig University, Institute of Applied Microbiology, Giessen, Germany
2
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3
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During a long-term Free Air Carbon dioxide Enrichment experiment (GiFACE) on a
permanent grassland site near Giessen, Germany, a significant positive feedback on
emissions of the greenhouse gas N2O under elevated atmospheric carbon dioxide
(eCO2; +20%) was observed [1]. The responsible microorganisms and mechanisms
of the elevated N2O emissions are still unknown. Previous studies on this grassland
site indicated that fungi might contribute to N2O production [2].
Soil samples were collected from the ambient and eCO2 GiFACE rings and separated in bulk and rhizospheric soil. Fungal functional and phylogenetic diversity were
investigated by molecular analyses of the nitrite reductase (nirK) and the ribosomal
internal transcribed spacer 2 (ITS2), respectively, by means of quantitative realtime PCR and Ion Torrent high-throughput sequencing. Data analysis was performed using QIIME, ITSx and the R-package “phyloseq”. The effect on OTUs assigned
to potential N2O-producing fungal families, for those N2O-production is described
for at least one species, was analysed separately. Sequences showed significant
differences between aCO2 and eCO2 in bulk soil. Alpha-diversity indices (ShannonWiener & Chao1) were increased significantly under eCO2. Furthermore a significant effect on the fungal community structure (aCO2 vs. eCO2) was observed.
The abundance of almost all OTUs assigned to potential N2O-pruducing fungi was
higher under eCO2 and 20 from 36 genera were affected significantly.
This study indicates an adaptation of soil fungi under eCO2in grassland soil - both
phylogenetic and functional diversity showed significant shifts.
[1] Kammann C. et al., 2008. Soil Biology and Biochemistry 40:2194-2205.
[2] Müller C. et al. ., 2014. Soil Biology and Biochemistry 72:44-54.
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Effect of repeated freeze-thaw cycles on soil organic carbon and microbial response in Arctic tundra soil
Y. Ji1, H. M. Ro1
1
Seoul National University, Seoul, South Korea
The Arctic plays a key role in the global carbon cycles, because permafrost stores
more than half of the global soil organic carbon (SOC) stocks. Although freeze-thaw
cycles (FTCs) obviously exert large impacts on modification of microbial communities and decomposition of soil organic matter, the extent of the effect of FTCs on
soils is still controversial. Soil organic carbon can be grouped into three main pools
(labile, stable, and inert pools). Our study focused on the labile fractions, since they
are considered more readily decomposable than the stable fractions and provide
a supply of energy for soil microorganisms. Extracellular enzyme activities such as
phenol oxidase and peroxidase activities are critical to understanding potential responses to repeated FTCs, because these enzyme activities reflect the microbial
nutrient demands and the decomposition of labile SOC fractions.
Therefore, we hypothesized that changes in soil temperature regimes due to repeated FTCs would cause a difference in the response of SOC decomposition and
the ensuing microbial activity. To test the hypothesis, we designed incubation experiment in which soil samples were exposed to three different temperature regimes:
consistently freezing temperature (-15 oC, thaw control), consistently unfreezing
temperature (+20 oC) and repeated freezing-thawing temperature (-15 and 12 oC),
respectively. The temperature regimes were determined based on the seasonal
mean air temperature at the study sites during the thaw season (June-August) and
freeze season (December-February). Bulk soil samples were obtained from the upper organic soil layer (0-30 cm) using a shovel in a tundra region, Alaska (64° 51’ N,
163° 42’ W). We measured variations in labile SOC fractions, and microbial response such as phenol oxidase and peroxidase activities associated with induced differences in SOC composition due to repeated freeze-thaw cycles. Soil samples were
also analyzed for total C and N, and carbon emission when the soils were thawed.
Our results obviously showed that enhanced microbial activity caused by repeated freeze-thaw increased the release of labile SOC fraction, thus suggesting that
changes in SOC composition would be of a proxy of SOC decomposition potential
in Arctic tundra soils.
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Metatranscriptomic and Metagenomic Analysis of Biological Soil Crust Communities from Polar Regions
M. Rippin1, N. Borchhardt1, L. Williams1, B. Büdel1, U. Karsten1, B. Becker1
University of Cologne, Cologne Biocenter, Cologne, Germany

1

Biological Soil Crust (BSC) communities are important primary producers in the
terrestrial habitats of the polar regions. We aim to provide a precise evaluation of
the biodiversity and ecological adaptation of polar BSC using a metagenomic and
metatranscriptomic approach with the main focus on green algae and cyanobacteria. Arctic samples were collected in August 2014 in close vicinity to Ny-Ålesund
and Longyearbyen. Antarctic samples were collected in January 2015 from the area
around the Spanish research station Juan Carlos I on Livingston Island, South Shetland Islands in the western Antarctic. We selected one sample from the North and
from the South to extract total RNA and sequenced a metatranscriptome. After a
taxa identification and abundance estimation, which we carried out so far, we strive
to identify stress responses to abiotic factors such as drought and UV radiation.
Furthermore, we will investigate gene expression of functional groups with regard
to important ecological functions.
P77
Ecologically intensive agriculture reduces bacterial communities simplification
induced by intensive agriculture use
A. Alahmad1, J. Duclercq1, F. Dubois1, A. Kobaissi2, T. Tetu1, G. Decocq1
University of Picardie Jules Verne, EDYSAN Unit, Amiens, France
2
Lebanese University, Biology, Faculty of Sciences 1, Beirut, Lebanon
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Introduction
Although intensive agriculture, using high agricultural inputs as nitrogen fertilizers
and soil tillage, has allowed sufficient food production, an important ecological cost
and a strong degradation of ecosystem services was observed in return. Therefore,
ecologically intensive agriculture (EIA) approach should be envisaged to meet global demand, through its role in the reduction of soil degradation, the increase of
soil organic matter content, soil biodiversity, infiltration rate, water storage, carbon
sequestration capacity and the profitability of the crop production. Consequently,
EIA will influence the soil properties, which with plants act as environmental filters
in the microbial soil structure.
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Objectives
The aim of this project is to assess the impact of intensive and EIA farming practices
on soil microbial communities.
Materials and Methods
From soil samples of an experimental system allowing comparison between conventional tillage practices and no-till associated with direct seeding (DS) with or
without permanent plant cover (PPC) and with or without fertilization, we determined the soil microbial biomass and the bacterial taxonomic diversity by the highthroughput 16S rRNA gene sequencing using the MiSeq (illumina)
Results
In our experimental setup, a negative impact of conventional agriculture is clearly
recognized on both microbial biomass and bacterial biodiversity, this effect resulted mainly in a simplification of the bacterial community associated with a greater
abundance of copiotrophs (Proteobacteria and Bacteriodetes) phyla. This negative
impact could be counteracting by the PPC use, which act as a buffering agent. More
broadly, the different components used in the framework of EIA could regulate and
stabilize the system, even in the use of fertilizers.
Conclusion
The EIA could be a relevant alternative to intensive agriculture in order to meet the
criteria of a sustainable agriculture.
P78
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One of the most important factors shaping taxonomic and functional structure of
the soil microbiome is the plant community. In this report we are presenting results from the study of the plant‘s driving forces in shaping the soil, rhizosphere
and endosphere microbial community. The main idea is strengthening evolutionary
forces as the root surface is approached. Starting from very weak interactions away
from the root, where the plant role is minimal and moderate interactions in rhizosphere, where the main effect is only variation in taxonomic composition of the
soil microbiome, we finally get in the closest proximity to the plant roots, where
the plant governs not only taxonomic structure of the soil microbiome, but “constructs” beneficial forms of microorganisms by “canalization” of their evolution. Very
well studied nitrogen fixing rhizobia-legume symbiosis is a perfect opportunity to
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demonstrate these effects, because it puts at our disposal the system of directly interacting plant and microbial genes. Here we can see the “imprinting effect” of the
plant “receptome” (population of the plant receptor genes) on the pool of microbial genes involved in production of rhizobial signal molecule (Nod factor) directly
interacting with the plant LysM-type receptors. As the result the nodule pool of
microbial “signal” genes “mirrors” the structure of the plant receptome and after
the annual release of this pool into the soil “transfers” plant-imprinted traits to the
soil rhizobial community. In this study we used a variety of statistical approaches
applied to deep-sequenced gene libraries, starting from nucleotide polymorphism
statistics (to demonstrate drastically increased nucleotide polymorphism in the
nodule pool), pN/pS statistics (to demonstrate the selection of rhizobial genes by
plant), phylogeny (to demonstrate the “mirror-effect”), and finally molecular modelling and docking. Taken together the results presented demonstrate the picture
of the plant-driven evolution of the soil microbiome “zoomed” to the particular
system of interacting plant and microbial genes. One of the most important mechanisms of this process is the selection which supports not only individual adaptation,
but rather the cooperation of partners.
This work is supported by RSF grant 14-26-00094
Fig.1. Mirror-effect of the plant „receptome“ on the rhizobial community
Fig.2. Perfect and imperfect docking of the rhizobial Nod factor with the NFR5
plant receptor variants
Figure 1
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Figure 2
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Introduction
Apple replant disease (ARD) is a complex syndrome that causes reduced growth in
apple trees that are replanted in the same soil. A precise etiology of this disease
has not been described yet, although it is thought to have a microbiological origin.
In the last years, thanks to NGS, some light was cast on the microbiome of ARDaffected soils, however, such single case studies often do not deliver results that
may be considered generalizable.
Objectives
The aim of this study was to estimate the main microbiological drivers in ARDaffected soils by using a meta-analytical approach.
Materials and Methods
A literature search was performed, looking for all the deep-sequencing studies and
datasets on ARD-affected soil microbiomes. From these studies, metadata on both
environmental variables of soil sampling sites and molecular techniques used were
extracted, together with the raw sequencing data from NCBI SRA database. The
sequencing datasets of bacteria (n=5) and fungi (n=3) were analyzed using a taxonomic approach in mothur, using SILVA and UNITE databases, respectively.

162

ABSTRACTS
Results
Both bacterial and fungal communities in ARD-affected soils had a significantly different structure and were genetically different from those in healthy soils. Thanks
to the broader meta-analysis approach, a pool of co-occurring fungal and bacterial OTUs was also identified in ARD-affected soils. For bacteria, it was possible to
explain most genetic variability with the environmental and molecular meta-data
collected; however, the different molecular methods used accounted for 25% of
the variability. For fungi, instead, the meta-data collected explained 40% of the
observed variability, which seemed not influenced by the difference in molecular
methods among the studies. The variables that affected most the microbial communities were the presence of ARD, the soil treatments and the plant rootstock.
Conclusion
Our meta-analysis showed that healthy and ARD-affected soils exhibited significantly different soil microbiomes and shared differentially abundant microbial groups.
However, an important fraction of the signal was obscured by diverse analytical
approaches.
P80
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The rhizosphere and soil microbiomes are determinants for plant health, and their
importance has been compared to the importance of the gut microbiome for animals and humans. Various plant beneficial organisms have been identified in the
rhizosphere, providing functions such as protection from fungal pathogens, solubilisation of nutrients from soil and induction of resistance to abiotic and biotic
stress. Pathogenic microorganisms include various saprophytic fungi and bacteria
causing root rots and wilts. While single beneficial or detrimental organisms have
been extensively studied, the links between different groups of beneficial or detri-
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mental microorganisms are not well known.
In this study, the bacteria and fungi communities in the rhizosphere of winter wheat
and in bulk soil were determined in nine agricultural soils. The bacteria microbiome was obtained by sequencing the V5-V7 regions of the 16S rRNA gene, and the
fungi microbiome by sequencing the internal transcribed spacer region 2 (ITS2)
with Illumina MiSeq. Organisms of particular interest, such as Pseudomonas spp.,
which often protecti plants from pathogens, and the two common wheat pathogens Pythium ultimum and Gaeumannomyces tritici, were additionally quantified
with qPCR. The links between presence of beneficial and pathogenic organisms
and soil characteristics were studied. We confirm that the bacteria microbiome is
markedly different in bulk soil and in rhizosphere and between sampling sites. Beneficial Pseudomonas spp. were present at all sampling sites, but their abundance
varied significantly between sites. Of the two quantified pathogens, P. ultimum was
present consistently at all sites, while G. tritici was found sporadically. Both the
abundance of beneficial pseudomonads and pathogens was significantly positively
linked to the concentration of nitrate and potassium in soil.
Knowing the conditions under which plant beneficial and plant pathogenic organisms are particularly abundant in the rhizosphere and bulk soil could be useful to
implement conservation biocontrol strategies and to employ fertilization regimes
that favour plant beneficial microorganisms.
P81
Metagenomics Studies of an Aviation Fuel-Contaminated Soil in the Niger Delta
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Oil & gas exploration & production (O&G E&P) activities has been found to have
tremendous effect on microbial diversity in particular and biodiversity in general.
The Niger Delta region, Nigeria has suffered gross environmental degradation due
to pollution caused by incessant oil spills that occur almost daily. This study was
designed to determine, using metagenomic approaches, the microbial (bacteria &
archaea) diversity of a soil at Inua Eyet Ikot in Ibeno LGA, Akwa Ibom State polluted
with aviation in 2001 compared to a control (uncontaminated) soil in Uyo LGA,
Akwa Ibom State. Surface (0-15cm) soil samples from aviation fuel-contaminated
and control (uncontaminated) sites were collected using hand-held auger into sterile sample containers and transported to the laboratory. Community DNA fragments were extracted from these samples using ZYMO soil DNA extraction Kit (Model D 6001, Zymo Research, USA). The extracted community DNA fragments were
sequenced using Next-Generation Sequencing Technologies (NGSTs). Bioinforma-
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tics analyses of the 6S rDNA sequences were carried out using BLAST programme
on NCBI software. Results of bioinformatics analyses revealed that the species from
the contaminated soil came from 173 genera, 95 families, 59 orders, 32 classes
and 23 phyla while the control sample revealed 290 species that belonged to 169
genera, 105 families, 65 orders, 34 classes and 21 phyla. Both sites had diverse microbial diversity that belonged to two domains- bacteria and archaea. Bacteria was
found to be dominant over archaea both in contaminated and control soil samples.
This result is significant because diverse species of both bacteria and archaea have
been identified from both contaminated and control soil samples compared to if
conventional culture-dependent approaches were adopted.
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Introduction
Enrichment of soil H2-oxidizing bacteria (HOB) with H2 generated by N2-fixing nodules increases crop yield. While the benefit of HOB has been traditionally attributed to their production of plant growth promoting factors, their interactions with
other members of soil microbial communities have received little to no attention
even though these are believed to be linked to the fertilization effect itself. H2 has
therefore been selected as a case study to infer potential consequences of stimulating a specialized guild of microbes on other soil processes.
Objectives
The goal of the present study was to determine the impact of H2 on soil microbial
community structure and functions. We hypothesized that H2 would exert both
direct and indirect effects on soil microbial communities through the activation of
H2-oxidizing bacteria and the alteration of their interactions with other members
of the community.
Methods
Soils embodying three land-use types were exposed, in dynamic microcosm chambers, to different H2 mixing ratios simulating soil-nodule interface. We investigated
the impact of these treatments using a combination of microbial processes measurement as well as ribotyping and metagenomic surveys.
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Results
Our study has shown that H2 exposure affected both generalist and specialist microbial guilds, as exemplified by changes in kinetic parameters controlling H2 oxidation, methane uptake and labile carbon metabolism. Metagenomic surveys as
well as structural and regression equation models analysis supported the proposed
direct and indirect impacts of H2 on soil microbial communities. These have also
demonstrated that microbial diversity induced the response of specialized functions, whereas the alteration of generalist functions was not influenced by soil biodiversity.
Conclusions
Finally, H2 exposure triggered an idiosyncratic shift in soil microbial community
structure. Surprisingly, these changes led to coordinated alterations of soil metabolic processes mediated by HOB and non-HOB. We argue that further examination
of these effects on soil microbial communities will lead to a better understanding
of the H2 fertilization effect and soil biogeochemical processes. Efforts are under
way to define which threshold H2 concentration induces changes in microbial communities.
P83
Metagenomic characterization of rhizosphere effect in the cultivation of cereals
in the black and sod-podzolic soil
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Composition and activity of rhizosphere microorganisms is very important for the
plants. Composition of the rhizosphere community highly influenced by different
factors - soil type, plant species, plant age, etc. High importance of the type of soil,
as well as analyzing agricultural significant soil and plants, is demonstrated in publications.
However, the current studies did not include a comparison of rhizosphere effect in
soils,contrasted on a wide range of agrochemical factors. Our aims was to compare
the rhizosphere communities of plants, grown on such different soils, and try to
find influence of different species and sorts of plants on the rhizosphere microbial
community.
Seeds of two varieties of rye (R1 and R3) and wheat (W2 and W5) were grown for
42 days on two types of soil- black soil and sod-podzolic. DNA samples isolated from
48 rhizosphere soil samples. The sequences of the variable v4- region jf 16s rDNA
gene was sequenced using Junior (Roshe) pyrosequenser, results were processed
in QIIME. We obtained 119306 sequences, 2508 seqs per sample. Mass-spectra
profiles and the ion composition was determined using Waters Acquity HPLC and
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ICPE-9000 spectrometer, respectively.
The bulk soils and rhizospheres, formed on them, differ greatly from each other.
Rhizosphere effect is more pronounced at the sod-podzolic soil, meanwhile black
soil soil is very heterogeneous (Fig. 1). Different varieties of rye and wheat samples
show different influence on rhizosphere effect (Fig. 2). Taxonomic analysis shows a
number of taxa, changing their percentage in the rhizosphere, also shows sort- and
speciesspecificity of some taxa. The ionic composition of soil extract corresponds
to the data on the soil type, the composition of the mass-spectra tends to conformity with the species of the plant.
Rhizosphere effect in two contrasting soils appears significantly. Different sorts and
species of plants also affect on it expression. For a much more heterogeneous black
soil is necessary to increase the depth of sequencing.
Fig.1. Principal component analysis (PCoA) for microbial communities with the
clarification of control and rhizosphere samples of different species of cultivated
plants.
Fig.2. Principal component analysis (PCoA) for microbial communities with the clarification of control and rhizosphere samples of different sorts and species of cultivated plants.
Figure 1
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Figure 2
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Plants form close interactions with microorganisms that are essential for their performance and survival. Thus, plant-microbe interactions are key for understanding
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and improving plant health and productivity and for sustainable agricultural management practices. It is well-known that plants use metabolites to direct organization and growth of their associated microbial communities. However, vice versa, the plant-associated microbiome influences the metabolic activity of the plant
leading to different metabotypes. A significant number of plant metabolites are
produced by associated microbes, or through interaction with their plant host (prominent e.g. paclitaxel). To analyze microbiome-metabolome interactions, we used
the grass model Brachypodium distachyon as well as different species of medicinal
plants with particularly high levels of complex constituents, including Matricaria
chamomilla and Calendula officinalis. These two medicinal plants are cultivated all
over the world, however with different chemical profiles. We observed a plantspecific selection of rhizospheric microbes associated with medicinal plants grown
on an organically managed Egyptian desert farm. The soil microbiome comprised a
high abundance of spore-forming Firmicutes (esp. Bacillus and Paenibacillus) and
Actinobacteria (Streptomyces), which were linked to pathogen suppression under
arid soil conditions. The desert agro-ecosystem exhibited a higher microbial diversity and better ecosystem function for plant health in comparison to the native desert soil. Promising antagonistic counterparts to soil-borne phytopathogens were
selected by a hierarchical screening for field evaluation. The priming of chamomile
seedlings had a stabilizing effect on plant performance, and indigenous Bacillus
and Paenibacillus strains were also able to elevate the plants’ flavonoid production.
These findings suggest that a targeted bacterial treatment can influence the metabolic activity of the plant. We aim to reveal the underlying mode of actions at the
genomic and transcriptional levels and to develop an effective biocontrol strategy
on the basis of these promising antagonists.
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Introduction
Reduced tillage regimes are increasingly used in agriculture in many parts of the
world. While these practices are often considered an important step towards a sustainable agriculture, one of the major challenges is the control of plant pathogens
that can use the increased amounts of crop residues for their survival and growth.
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Objectives
We are investigating the effects of tillage and the preceding crop on fungal communities and crop performance.
Methods
In a field experiment, the effects of four preceding crops and two tillage systems on
fungal communities in the soil and on young winter wheat roots were studied using
454 sequencing, and analysed in relation to plant winter survival and grain yield.
Results
A cereal crop (winter wheat or oats) preceding winter wheat was found to result
in lower winter survival compared with a non-cereal preceding crop (oilseed rape
and peas), with the pattern of survival reflected in fungal communities on wheat
roots sampled in early spring. Soil fungal communities in samples from late autumn
also differed depending on the preceding crop, and were more similar between the
two cereal crops than between the non-cereal crops. These preceding crop effects
were more pronounced under non-inversion tillage than under ploughing (inversion tillage) for plant growth and for fungal communities on plant roots and in the
soil. However, the response pattern differed among response variables. For winter
survival of wheat plants and fungal communities on roots in the spring, wheat or
oats as the preceding crop and non-inversion tillage were found to be the extremes, while other treatment combinations were more similar. Yields were lower
under non-inversion tillage and wheat as preceding crop than after oats. Soil fungal communities were mainly influenced by tillage treatment and preceding crop
effects were more important under non-inversion tillage, where peas as preceding
crop yielded different structures than wheat or oats. On wheat roots, operational
taxonomic units (OTUs) representing potential plant pathogens were important for
the effects of preceding crops in non-inversion tillage treatments.
Conclusions
The tillage system and preceding crop had significant influence on fungal communities, especially on the wheat roots, and on the performance of the wheat crop.
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Tomato Rhiz’OMICs
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1
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The rhizosphere microbial community affects the host physiology, and vice versa.
However, the intricate processes, i.e. environmental and host genetic factors combined, that shape the microbiome of the rhizosphere are still greatly unknown.
Here, two approaches were used in order to correlate the two major components
of the tomato rhizosphere: the tomato root and the soil bacterial diversity. First,
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we assessed the genetic factors that affect the rhizosphere bacterial composition
in a set of 76 introgression lines (ILs) of Solanum lycopersicum carrying only a single
chromosome segment from the wild species Solanum pennellii (LA0716). For that
tomato population, a core microbiome was defined based on 16S rRNA amplicon
sequencing, consisting of 154 abundant OTUs that changed quantitatively across
most ILs. Testing of these OTUs’ abundances for cosegregation, 4 host quantitative
trait loci (QTL) show significant linkage with relative abundances of specific bacterial OTU. These QTL affect bacterial OTU by increasing its abundance, either controlling an individual OTU or various OTUs spanning a diverse taxonomic range. In
addition, in order to understand the rhizosphere processes, a split-root experiment
was performed, where tomato roots were challenged with soil microbial communities established using a dilution-to-extinction approach, analyzed by 16S amplicon sequencing; and a comprehensive plant metabolite analysis was performed
by non-targeted metabolomics using LC-MS and GC-MS. The metabolic patterns
of plant root and exudates are tailored by soil microbial diversity and composition.
These results are key pieces of evidence of the rhizosphere puzzle break.
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Pathogenic fungi are used to control pest insects by applying large amounts of fungal spores (up to 1014 per ha) to infested soils. Potential effects resulting from such
applications on soil microbial communities are poorly investigated.
In this study we assessed potential effects of the fungal strain Metarhizium brunneum ART2825 on soil microorganisms in a pot trial, designed to control wireworms
in potato production. Treatments included M. brunneum (3 different formulations),
combinations of M. brunneum with garlic (expected to increase control effect),
garlic alone, barley kernels (substrate of one formulation), an insecticide and untreated controls. Soil samples were collected before as well as 7 and 14 weeks after
applications. Abundance of the Metarhizium strain was assessed based on colony
forming unit (CFU) counts on a selective medium and Metarhizium genotypes were
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determined using microsatellite analysis. High-throughput amplicon sequencing of
ribosomal markers on the Illumina MiSeq platform was used to assess soil fungal
and prokaryotic community structures.
Metarhizium CFU counts g-1 soil dry weight increased 10 to 100 fold compared
to untreated pots and 83 to 100 % of the isolates from Metarhizium-treated pots
were identified as the applied strain. Among the 4’157’792 fungal ITS2 sequences
recovered, one dominant operational taxonomic unit (OTU) was classified as Metarhizium (87’511 sequences). The relative abundance of this OTU ranged from 1
to 63 % in Metarhizium-treated pots compared to 0 to 1 % in pots with no Metarhizium applications. A total of 33’745 (39%) of these sequences exactly matched the
applied strain; however, the resolution at the ITS2 locus is not sufficient to allow
discrimination of the applied strain from naturally occurring close relatives. Still,
selective plating followed by microsatellite analysis and amplicon sequencing yielded highly correlating data on the abundance of Metarhizium. However, in order to
confirm presence of an applied strain, genotyping is required. The pot trial revealed
only small changes in microbial community structures related to the treatments
and these changes were in the same range or smaller than changes over time. These findings indicate that application of M. brunneum in biocontrol approaches may
not pose a risk to soil microorganisms.
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Question
The global problem of uptake and accumulation of heavy metals (e.g. arsenic, As)
in food plants (e.g. rice) urges for solutions, in order to satisfy the demand of foodsafe plants for the growing world population. High bio-available silicon (Si) and
phosphate contents in soil lower As accumulation in the grain. Sustainable advancements in future farming practices may involve the use of silicate and phosphate solubilizing bacteria (SPSB) that could increase soil fertility and minimize AsIII
uptake. This study aimed at elucidating the role of SPSB in the mitigation of As
contamination of rice and at evaluating changes in plant-associated microbial communities in relation with Si addition as part of future farming practices in paddy
rice soils.
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Methods
Three mitigation strategies were tested in lab-to-field approaches (hydroponic
plant pockets to soil-plant-pot greenhouse-based systems): i) amendment of silicate, ii) rice seed inoculation with natural rice root SPSB with AsIII-transformation
activity iii) and the combination of i) and ii).
Results
The separate addition of silicate up to 1.2 mM and of SPSB stimulated germination
and root development in the presence of As (75 μM). The combination of the two
factors resulted in a positive synergy that significantly increased germination and
root development compared to no treatment or Si amendment only.
Conclusions
The characterization of the rice rhizosphere microbial community indicated that
most of the SPSB are hold in the endosphere and that their application improved
plant germination. In situ study at metaorganism level (plant and microbe simultaneously) will reveal the mechanisms of interactions between beneficial microbes
and plant in harsh conditions.
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NPK fertilizers have been used for several decades for supplying nutrients to different crops. However, little is known regarding the effects of a long-term exposure
to these compounds on the soil microbial diversity and functioning.
The Long Term Nutrient Depletion Trial (LTNDT) in Taastrup, Denmark, has an ideal
design to shed light on this issue. Having been depleted in P and K for 50 years, it
contains plots with long-term histories (H#) of exposure to different NPK fertilizers:
H1 - 20 years of exposure to 7 treatments with low N and various P and K fertilizer
levels; H2 - 14 years of exposure to the same 7 treatments as H1, followed by 6
years of exposure to 7 high N and various P and K fertilizer levels.
In order to understand the effects of each NPK fertilizer on the soil bacterial community structure and functioning in relation to exposure time, 16S rRNA amplicon
sequencing was associated with MicroResp profiles and performed for the plots
described above.
Results pin-point the importance of exposure time for the impact of the fertilizer:
while longer exposure time resulted in larger diversity and functional differences
between NPK treatments (H1), shorter exposure time resulted in smaller differen-
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ces in the community structure, mostly associated to few rare phyla, and a higher
homogeneity in functionality (H2). Moreover, differences in N input showed a significant effect on the community structure with an enhancement of copiotrophic
groups when higher N was applied (e.g.: Actinobacteria and Alphaproteobacteria)
(H1). This observation is also in line with a higher capability to use C substrates
(H1).
With the widespread use of fertilizers, understanding the effects of long-term exposure on current soil microbial genetic and functional diversity is essential for
predicting future impacts on soil quality and fertility.
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Soil microorganisms have great potential as indicators for monitoring soil quality.
They play important roles in soil and can be readily detected using amplicon sequencing based approaches. However, the use of soil microbial communities (SMC)
for soil quality monitoring depends on understanding their spatio-temporal variabilities. Here, we assessed the relative importance of soil properties, land-use types
(i.e. grassland, arable land, forest), land management (fertilization), and time on
SMC structures.
We used three different datasets: i) the NABObio dataset representing 30 sites of the
Swiss soil monitoring network that were sampled for four years, ii) the KABO dataset
representing 152 sites across Switzerland, that were sampled once, and iii) the DOK
dataset representing 40 plots from a field experiment that was sampled twice. This
resulted in a total of 592 samples that were processed using the same protocol. DNA
was extracted from composite soil samples (0-20 cm) and a bacterial (16S V3-V4) as
well as a fungal (ITS2) marker were sequenced using the Illumina MiSeq platform.
Sequences of all datasets were subjected to a combined analysis.
Ordination analyses revealed that soils from different land-use types harboured
distinct SMC structures. A canonical analysis of principal coordinates (CAP) reclassified 98% of bacterial and 99% of fungal communities to the correct land-use type
and temporal variability was relatively low. Using CAP about 75% of all NABObio
samples could be classified to the correct site. All samples from the DOK experiment clustered apart from other sites. If analysed separately, SMC structures from
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the DOK field show marked differences between sampling years as well as fertilization regimes. Consequently, site properties have a stronger impact on SMC structures than temporal factors or land management.
Our data show that DNA sequence information is suitable to robustly assess SMCs
and their habitat associations. Furthermore, SMC structures seem stable over several years underlining their potential for use in soil quality monitoring. However, successful integration of SMC data into soil quality monitoring programs will depend
on knowledge of their interactions with site characteristics or on the detection of
indictor taxa that occur at various sites and respond to defined stresses.
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Sugarcane is one of the most important agricultural crops in the world, being source of sugar, renewable energy (biofuel) and biomaterials. To maximize production,
high rates of fertilizers are often applied to the field, which may lead to nutrient
leaching, increase in greenhouse gases emissions and reduction in biodiversity.
Therefore, a key challenge is to intensify agriculture practices while minimizing
harmful environmental effects of intensive fertilization. The use of beneficial bacteria, such as Plant Growth Promoting Bacteria (PGPB), has been shown to enhance
plant growth and health in controlled conditions, even with low levels of fertilization. The effects of six bacterial isolates, which had been previously isolated from
sugarcane stalks, on sugarcane growth, physiology and assembly of rhizo and endosphere bacterial community were assessed in a greenhouse experiment for six
weeks. All six isolates promoted a significant increase on shoot and root dry mass,
when compared to controls that did not receive any inoculation. Moreover, treated
plants showed a significant increase in concentration and accumulation of important nutrients such as nitrogen and potassium. Bacterial inoculation also promoted
a significant increase in the concentration of selected amino acids, such as alanine
and glycine. Bacterial community assembly in the rhizo and endosphere were significantly affected by the inoculation, which means that bacterial community composition in these compartments varied greatly when control and treated plants are
compared. Our results indicate a great potential for the use of PGPB in sugarcane
production, which may contribute to a cheaper and more sustainable crop system.
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Control of active microbial diversity by organic amendment practices and consequences on Volatil Organic Compound (VOC) emissions from agricultural soil
to the atmosphere
K. Potard1,2, C. Monardi1, N. Le Bris1, J. P. Caudal1, J. L. Le Garrec2, F. Binet1
1
UMR CNRS 6553 Ecobio , Rennes, France
2
UMR CNRS 6251 IPR, Rennes, France
It has been shown that microbial SOM biodegradation generates VOCs which, in
the atmosphere, take part in greenhouse gases and secondary organic aerosols
production. However, the VOC emissions from soil to atmosphere in agricultural
landscapes are still poorly documented while it could represent a significant loss
for soil C sequestration.
Our study aims to determine the response of active soil microorganisms to organic
amendments applied in farming systems and the consequences on VOC emissions
(diversity, quantity) by soil. It is based on an Long Term Ecological Research site,
EFELE (Brittany, France), labeled SOERE-Allenvi. Just before and up to two months
following amendments, sampling of soil and VOCs using a gas chamber were performed on replicated plots receiving Pig Slurry (PS) or Methanised Pig Slurry (MPS)
and Control (C) plots without any fertilization. Soil samples were directly frozen to
access the active microbial diversity linked to simultaneous VOC emissions. Active
microbial diversity was determined by Illumina MiSeq by targeting 16S rRNA (bacteria and archea), and fungal ITS.
In all soils, the active bacterial populations were dominated by Proteobacteria. A
temporal dynamic was observed in the relative composition of the bacterial communities whatever the treatment (Fig. 1). Just before and one day following the
organic amendments, no significant difference was observed in the composition of
the VOC spectra emitted by the different soils (Fig. 2). These spectra were dominated by acetonitrile (m42) and methanol (m33). Both time and the kind of organic
amendment had a significant impact on the composition of the VOC spectra (P<216; P=1.89-12). For example, PS amendment specifically led to methanol emissions
by soil up to one month following fertilisation (Fig.2).
Further analyses are currently running to highlight links between the active soil
microorganisms and VOC emissions and determine to what extent organic amendments control them.
Fig. 1 : Relative abundance of the active bacterial phyla in soil just before (T0) and
1, 7 (D1, D7) and 30 days (M1) following PS and MPS amendments.
Fig. 2 :Relative abundance of the main VOCs emitted by soil just before (T0) and
1, 3, 7 (D1, D3 D7), 30 (M1) and 60 (M2) days following PS and MPS amendments.

176

ABSTRACTS
Figure 1

Figure 2
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Compositional shifts of soil bacterial community structure under contrasting
management practices at different time scales in a Mediterranean arable soil
S. Pathan1, A. Roccotelli1, M. Monti1, A. Gelsomino1
Mediterranean University of Reggio Calabria , Department of Agricultural Sciences,
Reggio Calabria, Italy
1

Conservative management practices are worldwide applied to preserve the soil fertility status in agricultural soils, and this becomes particularly true in Mediterranean croplands where severe climatic conditions and intensive agricultural practices
negatively affect the soil microbiota thus exacerbating the loss of soil productivity
and land degradation. Aim of this study was to assess whether and at what level
conservative management practices combined with organic amendment affect the
soil bacterial community structure at different time scales (before, immediately after and during the following months), across the growing season in a citrus farm soil
located in Southern Italy. Soil plots were managed under conventional tillage (TILL),
conservative tillage (NT) or amendment with digestate (DIG), a by-product from
the anaerobic digestion of agricultural wastes. The bacterial diversity was assessed
by 16S rRNA gene sequencing on Illumina platform targeting the V3-V4 hyper variable region. Our results show that the management practices exerted a strong
immediate influence on soil bacterial diversity, whereas a time-dependent effect
clearly appeared across the growing season. Chloroflexi, Actinobacteria and Proteobacteria were the predominant phyla in all treatments. Digestate amendment was
intensively increasing the relative abundance of Chloroflexi soon after 48 h and it
was still after 2 months. Whereas, tillage was only temporarily increasing the relative abundance of Proteobacteria and after 2 months Chloroflexi was relatively increased. The main anaerobic bulking agent Anaerolinea thermophila was the most
abundant species found in DIG soil indicating that digestate-borne microorganisms
were markedly affecting the native bacterial community. Our results suggest that
soil native community was immediately responding to soil management practices
and adapting changes at long term. Moreover, effect of organic amendment was
mainly driven by their biological properties.
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Deciphering the bacterial response in the rhizosphere towards different management regimes and short-term herbivory in permanent German grasslands
F. Wemheuer1, B. Wemheuer2, G. Everwand3, D. Kretzschmar1, R. Daniel2
C. Scherber3, S. Vidal1
1
Department for Crop Sciences, Agricultural Entomology, Göttingen, Germany
2
Institute of Microbiology and Genetics, Department of Genomic and Applied Microbiology and the Göttingen Genomics Laboratory, Göttingen, Germany
3
Department of Crop Sciences, Agroecology, Göttingen, Germany
Many rhizosphere bacteria are important for plant growth and health. However,
the response of these microbes to different grassland management regimes and
to above-ground herbivory is still poorly understood. Hence, we investigated the
combined impact of herbicide application (against monocots and dicots, respectively), two mowing frequencies (once vs. three times a year), two fertilization
treatments (no vs. fertilization) and above-ground herbivory on rhizosphere bacterial communities. For this purpose, a lysimeter experiment was conducted on the
GrassMan experimental field, a semi-natural, moderately species-rich grassland
site. Following a two-week exposure to herbivory, soil samples were taken from the
rhizosphere. Community composition was assessed by DGGE as well as large-scale
pyrosequencing-based analysis of 16S rRNA gene sequences amplified from extracted environmental DNA. More than 450,000 sequences were used to assess diversity and composition of bacterial communities. In addition, artificial metagenomes
were predicted from obtained 16S rRNA gene data to study bacterial functioning
as well. We recorded significant differences in bacterial community composition
with respect to the applied management regimes. Herbicide application resulted
in a strong significant response of the bacterial community. Mowing frequencies
affected bacterial communities in dicot-reduced plots while fertilizer application
impacted bacterial communities in all plots. Although no effect of herbivory was
observed, several bacterial genera, such as the diazotrophic genus Ideonella, were
highly associated with herbivory. Several genes including two genes involved in
plant polymer degradation were more abundant in herbivory plots compared to
control plots. The unique combination of parameters studied provides exceptional
insights into the diversity and ecology of bacterial communities in the plant rhizosphere. Moreover, the results of this study enable us to better validate the impact of
different management regimes and herbivory on these communities and to predict
potential ecological implications.
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Biochar particles represent hot-spots for specific bacterial communities in biochar amended soils
S. P. Glaeser1, B. Wilske2, H. Haghighi1, L. Breuer2, P. Kämpfer1
Justus-Liebig-University Gießen, Department of Applied Microbiology, Gießen,
Germany
2
Justus-Liebig-University Gießen, Institute of Landscape Ecology and Resources Management, Gießen, Germany

1

Biochar (BC) is widely studied for its potential to improve soil quality and carbon
sequestration. Carbon sequestration depends mainly on BC stability, which in turn
depends on the type of BC and soil properties including soil associated microbial
communities. A biodegradation experiment was performed with three different
particle size fractions (< 2, 2-5 and > 5 mm) of two contrasting BCs, a BC generated
by low temperature/short-term hydrothermal carbonization of corn silage (htcBC)
and high temperature pyrolysis of Miscanthus feedstock (pyrBC). Both were mixed
with two different soil types (sandy and sandy loamy soil). Carbon degradation of
BCs was monitored as 13CO2 effluxes over 120 to 180 days of incubation. A much
higher biodegradation was obtained for the htcBC (18.5-31.2%) than the pyrBC
(0.0-1.1%). The biodegradation of htcBC increased significantly with particle size
fractions and was larger in sand than in loamy sand. The effect of BC on soil microbial communities was investigated after total DNA extraction from soil-BC mixtures
by PCR amplification of bacterial 16S rRNA gene fragments and subsequent denaturing gradient gel electrophoreses (DGGE) and Illumina amplicon sequencing.
Bacterial communities of the two soils showed significant differences among each
other but both bacterial community structures were not significantly affected by
the BC amendment. However, specific bacterial communities were associated with
BC particles (> 5 mm). The relative abundance of the Candidatus phylum TM7 significantly increased at htcBC particles from 4 to 11% in the sandy and from <1 to
5% in the sand loamy soil. In addition, Planctomycetes as well as Burkholderia and
Pseudomonas of the Beta- and Gammaprotebacteria increased in relative abundance at the htcBC particles. In contrast the abundance of the phylum Nitrospira
strongly increased at pyrBCs in the sandy loamy soil (from 0.5 to 11%) indicating an
increased nitrite oxidation activity which may be due to the absorption of ammonia
by pyrBC. Our data gave a first insight into the function of BC associated microbes,
which may affect carbon and nitrogen cycles in BC amended soils. However, the
overall structure of soil bacterial communities was not directly affected biochar
particles seem to represent hot-spots of specific bacterial communities.
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Ecological roles in bacterial are mostly defined by soil characteristics in the central highlands of Mexico
Y. Navarro-Noya1, N. L. Ortiz-Cornejo2, M. S. Vásquez-Murrieta2, M. Luna-Guido3
N. Verhulst4, B. Govaerts4, A. H. Díaz de la Vega Pérez1, A. Estrada-Torres1
L. Dendooven3
1
CONACYT – Autonomous University of Tlaxcala, Tlaxcala, Mexico
2
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3
Laboratory of Soil Ecology, ABACUS, Cinvestav, Mexico City, Mexico
4
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The central highlands in Mexico are characterized by remnants of a former lake, agriculture soils and elevated mountains. This heterogenic area covers a wide range
of soil characteristics and is ideal to study how differences in soil types, physicochemical characteristics and management histories affect the bacterial community.
Different ecosystems in the valley of Mexico, i.e. an alkaline saline soil of the former
Lake Texcoco, arable soil, forest soil and a floating garden or “chinampa” (organic
material rich soil), were characterized for their bacterial communities by 16S rRNA
metagenetics. The soils had a highly variable pH (6 - 9.4), electrolytic conductivity
(EC) (1.6 - 4.7 dS m-1), organic C content (11.1 - 66.6 g kg-1) and clay content (120
- 340 g kg-1). Soil organic matter was correlated significantly with most bacterial
phyla (13) and pH and EC the least (7). These soils were also ideal to study how
soil characteristics and soil use affect the bacterial populations involved in degradation of organic material. Soils were amended or not with bean plants (Phaseolus
vulgaris L.) while the bacterial community structure were monitored in an aerobic
incubation of 56 days. Soil characteristics defined mostly if bacterial groups behaved as copiotrophs or oligotrophs when bean plants were applied. Cyanobacteria
and Firmicutes (mostly Bacillus) behaved always as copiotrophs, while Chloroflexi,
Gemmatimonadetes and Nitrospirae behaved always as oligotrophs. However, Proteobacteria, Verrucomicrobia, TM7, Acidobacteria, Bacteroidetes and Planctomycetes behaved either as oligotrophs or copiotrophs and their metabolic activity depended mostly on the soil characteristics. For example, Verrucomicrobia behaved
as oligotrophs in the arable soil and as copiotrophs in the chinampa and Texcoco
soil, while TM7 behaved as copiotrophs in the chinampa and arable soil and as
oligotrophs in the Texcoco soil.
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Dynamics of soil microbiome in salty environments
G. Torres1, I. Figueroa2, O. Mestanza3, J. Vanegas4
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The mangrove has a major role as a breeding area and shelter, providing food to
many organisms such as crustaceans, mollusks, insects and fishes, some of them
commercially valuable others the base of the food web for estuary and other ecosystems. The mangrove sustains diverse economic activities as much as ecological
with a highly efficient nutrient recycling mechanism where the microorganisms are
the principal players. Despite to their importance, the information regarding the
biological relationships between them is limited.
We applied 16S rRNA gene analysis to characterize mangrove-soil microbiota along
a salinity gradient. The mangrove is placed in the delta of Rancheria River, La Guajira - Colombia. Three samples from Avicennia germinans‘ rhizosphere were collected at three different salinity points: 2.8 dS/m, 14.6 dS/m and 61.5 dS/m. Total-DNA
extraction was performed using the PowerLizer-PowerSoil kit. An average of 13000
sequences per sample was generated using Illumina MiSeq 2X250 technology but
according to rarefaction curves, there was a nonsufficient sampling effort. OTU
counts were calculated using the software Mothur v. 1.33, normalized by the Cumulative-sum scaling method and zero-counts replacement were managed using
Bayesian-multiplicative pseudo-count approach. Alpha diversity suggested a very
diverse ecosystem in which the soil at 2.8 dS/m was the most diverse. The phylum
Proteobacteria was the most abundant across all samples with an average proportion of 43%, followed by unclassified-phylum (~12%), Actinobacteria and Bacteroidetes. Actinobacteria was significantly most abundant in medium-salinity soils;
however, this follows a decreasing trend in other cases. High salinity levels diminished the presence of the order Rhizobiales; symbionts involved in nitrogen fixation.
There were a group of microbes less sensible to salinity, Deltaproteobacteria, and
Gemmatimonadetes, which had been reported as polyphosphate accumulators in
water treatment plants.
At phylum level, our soils were similar to subtropical mangrove soils but with high
differences at lower taxonomic levels. Based on Bray-Curtis dissimilarity the salinity
has a significant impact modeling the microbial community structure, especially at
lower concentrations.
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The plant root zone as seen from the microbiome‘s point of view
D. Minz1, M. Ofek1,2, N. Sela1, S. J. Green3, M. Voronov-Goldman1, N. Tovi1,2
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3
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Studies of plant root-associated microbiomes have revealed high diversity along
with signature host species-specific and niche-specific associations. The functional
implications (ecosystem, plant health) of these associations remain unexplained,
however. We have sampled soil and roots of wheat and cucumberplants growing
in identical soil conditions. The soil and plant-associated bacterial community composition was determined using 16S rRNA sequencing. In addition, large-scale metagenome and metatranscriptome sequencing was used to characterize community
structure, functional potential and expressed physiological activity. A large database of approximately 2.4 million non-redundant ORFs was assembled from soil and
root genomic DNA. The diversity of each habitat’s microbes varied widely between
niches and between plant species. Based on metagenomic data, the functional
characteristics of soil versus root bacteria deviate dramatically. Soil-to-root functional variations were particularly apparent in specific pathways including secretion
systems, motility, ABC transporters, two-component systems, lipopolysaccharide
metabolism and carbohydrate metabolism. In root-associated samples, the metagenomes were functionally similar between the different plant species, despite significant differences in community composition, suggesting the recruitment of root
community was governed by a basic suite of genes, common to host-colonizing
bacteria. Conversely, transcriptional profiles of root-associated communities were
non-redundant. For example, high relative expression levels of nitric-oxide reductase genes characterized wheat root communities, while in cucumber root communities expression of these genes was negligible.
An opposite trend was found with respect to catalase and pectinases genes expression. These differences outline the structural as well as functional implication
of host-microbe interactions that are crucial for plant growth, health and development in soil.
Specific dominant Pseudomonas spp. were isolated from wheat root and showed
preferential colonization on wheat, corn and barley but not cucumber. Each isolate
had a preferred root location for colonization.
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Assessing the variability of the rhizomicrobiome of maize across a Europe
M. Szoboszlay1, A. Näther1, A. B. Dohrmann1, C. C. Tebbe1
1
Thünen Institute, Biodiversity, Braunschweig, Germany
Maize is grown in various geographic regions in Europe covering a wide range of soil
types and climatic conditions. Our goal is to characterize its microbial community
in the rhizosphere which is conserved independent of the geographical location,
soil properties or cultivar, i.e. the core rhizomicrobiome. This plant selected core
rhizomicrobiome may harbor properties which are favorable for maize growth. In
field studies of the AMIGA (Assessing and Monitoring the Impacts of Genetically
modified plants on Agro-ecosystems) project of the European Union, we sampled
the rhizosphere of locally adapted maize cultivars and their genetically engineered
variants, expressing an insecticidal Cry1Ab protein, at flowering time in Denmark,
Slovakia, Spain, and Sweden. These locations represent four main biogeographical
regions of Europe (atlantic, mediterranean, continental, boreal). At each site, we
collected samples from ten independent plots and repeated sampling in two, or
three consecutive years. We applied qPCR to assess bacterial-, archaeal-, and fungal abundance, and Illumina MiSeq sequencing targeting the 16S, ITS and nirS and
nirK genes.
We found significant differences in the microbial community composition and in
bacterial-, archaeal-, and fungal abundance in the rhizosphere of maize at the four
sites. Using the over 13 million partial 16S sequences and 3.6 million partial nirS
and nirK sequences we now compare temporal variation and local variation within
sites with the variation between biogeographical regions. We assess the effect of
soil properties and genetic variation of maize on structuring the rhizomicrobiome
and define taxa which are shared across the biogeographical regions.
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Nitrous oxide emission related to ammonia-oxidizing bacteria and mitigation
options from N fertilization in a tropical soil
N. Cassman1, J. Soares1,2, A. Kielak1, A. Pijl1, J. Carmo3, H. Laanbroek1, H. Cantarella2
E. Kuramae1
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Question
The aims of this study were to determine the main microbial processes responsible for the N2O emissions from a Brazilian tropical soil (Red Latosol) fertilized
with different N sources, to identify mitigation options for greenhouse gas (GHG)
emissions, and to determine the impacts of the N sources on the soil microbiome.
Methods
To address these objectives, we conducted a 278-day field experiment in which
nitrogen was applied as calcium nitrate, urea (UR), urea with the nitrification inhibitors (NIs) dicyandiamide (DCD) or 3,4 dimethylpyrazone phosphate (DMPP), and
urea coated with polymer and sulfur (PSCU). A control treatment without N (Control) was also included. Greenhouse gases (CO2, CH4, N2O) fluxes were measured
and soil samples were taken for molecular analyses, including real-time PCR of the
16S rRNA, 18S rRNA, key nitrification and key denitrification genes, and amplicon
sequencing of the 16S rRNA and amoA genes.
Results
Urea treatment caused the highest soil N2O emissions (1.7% of N applied) and
PSCU treatment did not reduce cumulative N2O emissions compared to UR. Nitrification inhibitor treatments reduced cumulative N2O emissions by 95% compared
to UR and had emissions comparable those of the control. Similarly, calcium nitrate
treatment resulted in very low N2O emissions. Interestingly, N2O emissions were
significantly correlated only with bacterial amoA gene abundances across all treatments, and not with denitrification gene (nirK, nirS, nosZ) abundances.
Conclusions
The results together suggested that ammonia-oxidizing bacteria (AOB), via the nitrification pathway, were the main contributors to nitrous oxide emissions. While some
microbial taxa were indicators of each treatment, the treatments had little effect on
the overall microbial (bacterial and archaeal) composition or diversity over the duration of the experiment. Based on this study, we suggest the use of nitrate-based fertilizers or the addition of NIs in NH4+-N based fertilizers to reduce N2O emissions in tropical soils and lessen the environmental impact of biofuels produced from sugarcane.
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Figure Legends
1. Rainfall, air temperature, water-filled pore space (WFPS) and nitrous oxide fluxes
from the treatments.
2. Nitrous oxide fluxes, nitrogen cycle genes abundances and total bacteria and
archaeal abundances 16 days after fertilizer application.
Figure 1
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Figure 2
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Agricultural management shapes bulk and rhizosphere microbiome - implications for soil health?
D. Babin1, M. Sandmann2, J. Geistlinger3, R. Grosch2, K. Smalla1
Julius Kühn-Institut, Federal Research Centre for Cultivated Plants (JKI), Institute
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2
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3
Anhalt University of Applied Sciences, Bernburg, Germany

1

Increasing food and energy demands have brought about a considerable intensification of farming during the last decades. In consequence, diverse negative impacts on our soils were observed (e.g. loss of fertility, soil erosion, enrichment of
soil-borne plant pathogens). In order to maintain soil quality and health for the
future, the development of sustainable farming strategies is needed. The microbe-mediated natural ability of soils to suppress plant pathogens (suppressiveness)
might be a good indicator for soil health. We hypothesize that long-term farming
strategies influence the soil and plant microbiome and consequently soil suppressiveness and plant performance. Total community DNA was extracted from soils
of different long-term field trials. Denaturing gradient gel electrophoresis (DGGE)
and sequencing of 16S rRNA amplicons revealed a significant effect of fertilization
and use of pesticides (intensive vs. extensive), soil management (conventional vs.
conserved), and the previous crop (maize vs. oilseed rape) on the bacterial community structure under field conditions. These soils were then planted with lettuce
as model plant (Lactuca sativa cv. Tizian) and incubated for six weeks in the growth
chamber. Significant differences in lettuce shoot fresh mass and microbial biomass
were observed among soils under different long-term farming strategies. Furthermore, the lettuce rhizosphere exhibited different bacterial community compositions as observed by DGGE depending on field trial sites as well as on the long-term
management. Using group-specific PCR-DGGE fingerprints, bacterial responders to
fertilization, soil management and crop rotation were found among different taxonomic groups (e.g. Acidobacteria, Actinobacteria, Betaproteobacteria). Currently
ongoing is the 16S rRNA amplicon sequencing of rhizosphere and bulk soil samples
in order to provide further insights into taxa potentially indicative for agricultural management and soil health. Initial analyses of genes involved in suppression
of plant pathogens revealed an effect of the agricultural management also on a
functional level. Using these different field trial soils, we are presently testing the
natural potential of their microbiomes to suppress Rhizoctonia solani as a function
of the farming strategy.
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Taxonomic structure of soil microbiomes under different plant communities
E. Ivanova1,2, E. Pershina1, E. Chirak1, E. Andronov1
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Introduction
The use and management of genetic potential of soil microbiome is impossible
without an analysis of environmental factors influencing microbial community and
determining its structure and physiology. Plants significantly influence soil microorganisms - by root exudation and the formation of a specific community of associated microbiome. However, the analysis of vegetation influence on soil microbiome
composition is still one of the most challenging mainly because of the variability of
this factor - spatial, temporal and taxonomic.
Objectives
The study is the analysis of microbiome structure of the main Russian soil types in
conditions of different plant communities by high-throughput sequencing.
Materials & methods
Soil samples were collected from the top 20-cm layer (A horizon) of podzolic, gray
forest soil, brown soil, chernozems, brown soil and saline soils. The collection was
carried out in conditions of different phytoсenosis. DNA isolation was perfomed
according to the original methodics. Pyrosequencing was carried out by using 454
Technology by JS Juniour (“Roche”, Germany). The bioinformatic and taxonomic
analysis was perfomed by using Qiime 1.8.0 software.
Results
The analysis of the data obtained revealed the formation of taxonomic structures
of microbiome under the influence of two main factors. Soil pH determined the
microbiome structure at high taxonomic level (phyla); vegetation type defined the
community structure at lower taxonomic levels (order, family, genus). Microbial diversity under grass vegetation was generally higher than that of microbial communities under tree and shrub vegetation. Detailed analysis revealed bacterial taxa,
associated with a type of biome - grassland, forest, agrophytocenosis, as well as
with specific composition of the local plant association.
Conclusion
Thus, we obtained data on the taxonomic structure of microbiome of different soil
types, which formed under plant communities of natural and anthropogenic origin.
Physico-chemical parameters were the main determinant of the taxonomic structure, the vegetation type plays subordinate, but still a significant role in the forma-
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tion of a specific metagenomic pattern of soil microbiome.
**The study was supported by RSCF (№14-26-00094 and №14-26-00079)
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Improving quality of wine with learnings from metagenomics analysis
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Introduction
Winemaking is complex: Grapes are harvested and crushed to prepare the must.
Alcohol fermentation most often carried out by added yeast, while the subsequent
malolactic fermentation (MLF) is typically carried out by ambient microorganisms.
The ambient microorganisms are both the beauty and the beast of wine making.
On one side they are a major factor of variety in taste and odor, while on the other
side they might cause negative effects such as off production of off flavors and
allergens.
MLF is a several week long process where lactic acid bacteria convert malic acid to
lactic acid. In cold and wet years, burst of grapes in the field allow contamination
and fast growth of spoiling molds and acetic acid bacteria already before grapes
reach the fermentation tanks. Hence, methods to avoid spoilage are highly needed.
Objective
In the present study we investigated the positive effects of adding Viniflora NOVAtm, a Lactobacillus plantarum based product, on MLF in terms of optimized
MLF as well as on bioprotection aspects. Bioprotection was defined as suppressed
growth of molds and acetic acid producing bacteria known for producing unwanted
compounds in the wine.
Material & Methods
The experiment was set up as industrial scale wine fermentations in 80 m3 tanks.
Three different grape varieties were tested with and without Viniflora NOVAtm addition and samples in time series of eight samples over a time course of 14 days was
taken. ~2GB Illumina HiSeq libraries were produced and taxonomic distribution was
achieved by applying the chain mapping approach MGmapper, followed by visualization using advanced statistical methods. Also, genome binning has been done using
an oligonucleotide frequencies, differential coverage and essential genes approach.
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Results
This is one of the very first studies of shot gun metagenomics in wine fermentations, and on the taxonomic level we show that Viniflora NOVAtm establishes
itself in the wine fermentation and perform the malolactic fermentation in days.
More surprisingly, we also find a pronounced bioprotective effect: In uninoculated
wines, 40% of the bacteria present were acetic acid bacteria and 40% of the fungi
were molds like Botrytis cinera. Both groups were reduced more than on log by the
addition of Viniflora NOVA. Likewise we found reduced amounts of acetic acid and
biogenic amines in the inoculated wines.
P104
Deciphering the cross-talk between host genotype, rhizosphere microbiota, and
plant growth in barley
R. Alegria Terrazas1, K. Balbirnie1, E. Paterson2, E. Baggs3, D. Bulgarelli1
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The microbiota associated with crop wild relatives may represent an untapped resource of beneficial functions related to plant nutrition and health. However, its
deployment in agriculture is impaired by the limited knowledge of the mechanisms
regulating plant-microbiota interactions in the rhizosphere.
In my project, I use barley (Hordeum vulgare) as a plant model and I hypothesize that the host genotype modulates the rhizosphere microbiota to support plant
growth in soils with limited nutrient supply. My aim is to gain novel insights into
the mechanisms regulating plant-microbiota interactions to enhance sustainable
agriculture by reducing fertiliser inputs.
Wild barley genotypes, representing the three major ecotypes in Israel (i.e., ‘north’,
‘coast’ and ‘desert’) and domesticated cultivars were grown in agricultural soils under greenhouse conditions. At early stem elongation, I collected rhizosphere specimens and measured the aboveground biomass. I used an Illumina MiSeq protocol
to generate 16S rRNA gene profiles assigning operational taxonomic units at a 97%
sequence similarity. In a parallel line of research, I investigated the structure of the
microbiota of barley genotypes exposed to different concentrations of nitrogen (N)
fertilizer.
Microbiota profiles were dominated by members of the phyla Proteobacteria,
Bacteroidetes and Actinobacteria whose enrichment discriminates rhizosphere
and soil samples. Interestingly, among the depleted phyla in the rhizosphere are
Planctomycetes and Nitrospirae whose members intervene in N cycling processes
that contribute to its loss from the soil. Betadiversity calculation revealed distinct
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host-dependent substructures of the microbiota, manifested by a separate clustering of the ‘desert’ ecotype from the others. Microbiota diversification mimicked
a biomass gradient observed among the tested plants. Remarkably, the ‘desert’
genotype hosted a distinct microbiota at zero but not at higher N concentrations,
indicating a plant genotype effect of the microbiota under limited N conditions.
Taken together, my data suggests that a molecular cross-talk links members of the
rhizosphere microbiota and plant growth, and its magnitude is amplified under limited nutrient supply.
P105
Bacteria not Archaea enhance N-cycle in sugarcane field relating to nitrogen fertilization forms
C. D. Borges1, O. T. Kolln1, G. M. Sanches1, S. G. Q. Castro1, J. Velasco1
J. L. N. Carvalho1, H. C. J. Franco1
1
BRAZILIAN BIOETHANOL SCIENCE AND TECHNOLOGY LABORATORY | CTBE-CNPEM |
Campinas, Brazil
Strategies that promote greater efficiency in the use of N-fertilizer for sugarcane
are associated with higher crop yield. The microbial nitrification is directly involved
in nitrogen for nutrition to plants and can be lost nitrate by leaching and denitrification contributing to increased atmospheric nitrous oxide.The soil was sampled at
10 cm depth and N mineral extracted N in KCl 2 mol L-1 and determined nitrate and
ammonium. The soil DNA was extracted using the DNA PowerSoil PowerLyzer isolation kit and quantified the number of copies of genes ammonia monooxygenase
(AMO). Additionally, the concentration of nitrous oxide was measured (N2O) static
chamber and sugarcane crop yield in the following treatments: Without N-fertilizer
application (control), superficial N-fertilizer (over trash) below the straw (bellow
trash) and incorporated into the soil (incorporated). The largest ammonium and
nitrate concentrations in the soil were the plots with N-fertilizer incorporated into
the soil and deposited beneath the straw. The abundance of nitrifying archaea was
200-fold greater than nitrifying bacteria in sugarcane crop soils. However, the density of bacterial genes was higher when N fertilizer has been incorporated into the
soil. N2O emissions resulted in higher flows in the plots with N incorporated up
to 60 days. Although larger pulses of N2O have been observed in treatments with
incorporated N, these flows by sugarcane production resulted in the same N2O
emissions to atmosphere between treatments. The results indicate that bacteria
were responsive to a positive correlation (0.42, p <0.01) with productivity, increasing the quality of production the sugarcane crop. The highest yield obtained in the
plot with incorporated N off set N2O emissions in sugarcane crop.
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Microbial Activity Spurred By Silicon Amendment Addition Alters the Biogeochemical Cycling of Arsenic, Iron, and Methane in Flooded Rice Paddies
G. Dykes1, A. Seyfferth1
University of Delaware, Plant and Soil Science, Newark, United States

1

Rice is a staple food for approximately half the world. Arsenic (As) accumulation in
rice due to arsenite uptake via the rice silicon transporter is an issue in areas where
rice is grown in flooded paddies, and especially where irrigation water is arsenic
contaminated.1,2 One potential arsenic uptake mitigation strategy is use of silicon
(Si)-rich soil amendments such as rice husk, rice husk ash, and calcium silicate; all
increase the amount of plant-available Si in the soil, have been shown to decrease
total rice As uptake, and are economically feasible and available for small-holder
rice farmers.3 A side effect of plant-based Si amendment use is increased soil organic matter, a factor that spurs microbial activity including arsenic methylating
microbes, iron oxidizing bacteria, methanogens, and methanotrophs. Arsenic methylating microbes contribute to arsenic cycling by converting inorganic arsenic to
organic, methylated forms such as monomethylarsonic acid (MMA) and dimethylarsinic acid (DMA), which can account for up to 90% of grain arsenic4,5. Iron oxidizing
bacteria at least partially contribute to the formation of an arsenic-adsorbing iron
plaque (an amalgamation of iron oxy-hydroxides) on the rice root surface4,6. Methanogens and methanotrophs are of interest because methane emissions from
rice paddies compose up to 16% of total anthropogenic emissions.7 In this study,
levels of microbial abundance and activity (as measured by DNA and RNA levels of
specific marker genes) were monitored in response to Si amendment addition into
flooded rice paddies over a complete rice growing season. Abundance and activity
were also monitored in non-flooded and intermittently flooded paddies. The diversity and abundance of microbes from the bulk soil to the rhizosphere and their
influence on As, Fe, and C-cycling will be discussed.
1. Ma JF, Yamaji N. Trends Plant Sci 2015 JUL;20(7):435-42.
2. Ma JF, Yamaji N, Mitani N, Xu X, Su Y, McGrath SP, Zhao F. Proc Natl Acad Sci U S A 2008
JUL 22;105(29):9931-5.
3. Seyfferth AL, Fendorf S. Environ Sci Technol 2012 DEC 18;46(24):13176-83.
4. Zhao FJ, Ma JF, Meharg AA, McGrath SP. New Phytol 2009;181(4):777-94.
5. Williams P, Price A, Raab A, Hossain S, Feldmann J, Meharg A. Environ Sci Technol 2005
AUG 1;39(15):5531-40.
6. Seyfferth AL, Webb SM, Andrews JC, Fendorf S. Environ Sci Technol 2010 NOV
1;44(21):8108-13.
7. Sass R, Fisher F, Ding A, Huang Y. J Geophys Res-Atmos 1999 NOV 20;104(D21):26943-51.
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Available phosphorus rather than management or copper drives arbuscular mycorrhizal communities in Flemish vineyards
M. Van Geel1
KU Leuven, Biology, Heverlee, Belgium

1

AMF are one of the most important components in agricultural ecosystems and
form a symbiosis with the majority of the land plants, including grapevine. For normal growth and development, grapevines depend on AMF that increase nutrient
uptake and tolerance to abiotic and biotic stress. The objective of this study was
to determine which factors (soil chemical variables, management and geography)
relate to AMF diversity and community composition, determine how elevated copper concentrations in the soil affect AMF communities, and identify differences in
tolerance to nutrient levels in the soil between AMF taxa. To accomplish this, we
used high-throughput pyrosequencing on 170 root samples from grapevines originating from 18 conventionally and 16 organically managed vineyards. We found
no differences in AMF diversity between organically and conventionally managed
vineyards. Instead, plant-available P content of the soil and pH were the only variables significantly related to AMF diversity. In agreement with our diversity analysis,
the unconstrained and constrained ordination approach revealed that the available
P content in the soil was significantly related to AMF community composition. The
effect of management type on AMF community composition, however, was unclear, indicating management type could explain very little variation in AMF community composition. Although we found no effects of copper concentration in the soil
on AMF diversity or community composition, we observed that older vineyards (>
15 years) showed copper concentrations above the background level (30 mg/kg).
We conclude that any positive effects of organic management on AMF diversity in
vineyards were overruled by soil characteristics. Organic management is thus no
guarantee for high AMF diversity, as the soil of organically managed vineyards may
still contain high available P levels. In addition, higher plant-available P levels and
lower pH levels may lead to AMF communities dominated by generalists and a gradual loss of specialist AMF taxa sensitive to high nutrients in the soil and soil acidity.
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Rhizospheric Iron and Arsenic Bacteria Influence Metalloid Uptake by Plant in
Rice Paddies
L. Cavalca1, S. Zecchin1, A. Corsini1
University of Milan, Department of Food, Environmental and Nutritional Sciences,
Milano, Italy

1

Question
The European Community has established specific limits for arsenic (As) concentration in rice grains (Commission Regulation (EU) 2015/1006). In rice rhizosphere,
iron (Fe) and As metabolic processes carried out by microorganisms have a crucial
role on As cycling in rice paddies. The aim was to evaluate the effect of different
agronomic conditions on rice rhizosphere bacteria.
Methods
Rice plants were grown under: continuous flooding (CF), aerobic rice (AR) and 2nd
internode elongation drainage (2IED). Microbial community was characterized by
16S rRNA pyro-sequencing and real time qPCR.
Results
Under CF, AsV and Fe increased in soil solution from 1.40 to 180 μg L-1 and from
0.75 to 51.1 mg L-1, respectively, and AsIII reached 40 μg L-1. In AR and in 2IED
they remained negligible. In CF, inorganic As was accumulated in rice grains above
the law limits for baby food production (100 μg Kg-1) whereas in AR and 2IED its
content was below the limit. As processing bacteria increased under CF from 8% to
13% over time. Genes for AsIII oxidation (aioA) were the most abundant in all treatments, explaining the presence of AsV in soil solution. Genes for AsIII-methylation
(arsM) were not influenced by the water regime, but under CF the presence of AsIII
allowed the production of the organic As observed in rice grains. AsV reduction
was primarily performed by arsC-carrying bacteria, since arrA were absent in all the
treatments. Under CF, an increase of Fe-reducing bacteria from 4.6% to 8.7% was
observed over time. Real time qPCR confirmed the promotion of Geobacteraceae
in this condition, possibly explaining AsV dissolution from Fe minerals. In the other
conditions, an increase of Fe-oxidizing bacteria likely influenced the reduction of As
translocation in rice grains.
Conclusions
According to these data, in rice rhizosphere Fe-bacteria affected As solubilisation,
whereas As-bacteria drove the speciation of the metalloid, influencing As translocation to rice grains.
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How the plant diversity affect the diversity of bacterial community in the meadows with species-rich aboveground vegetation
P. Havlíčková1, D. Navrátilová1, M. Chytrý2, P. Dřevojan2, P. Baldrian1
1
Institute of Microbiology of the CAS, Prague, Czech Republic
2
Masaryk University, Department of Botany and Zoology, Brno, Czech Republic
Vegetation is known to influence the composition of microbial communities in soils.
The relations between specific plants and bacteria are, however, less explored than
those between plants and fungi. They can also act as roots symbionts or be involved in
the decomposition of plant biomass. Bacteria are influenced by soil chemistry but also
by plant exudates produced from roots. It is known that some plants produce specific
targeted exudates to attract specific bacteria to their roots, such as those that protect
them against pathogens. Due to the plant-specific composition of plant-associated
microbiomes, we can expect that the diversity of plant-associated and soil bacteria
increases with plant diversity. Here we have analyzed the relationships between the
diversity of plants and bacteria in soils and in plant aboveground and belowground
tissues.The study area was located in the White Carpathian Mountain meadows on
the southeastern border of the Czech Republic and Slovakia which belong to the most
species-rich grasslands in Europe across a gradient of twenty-five 0.1m2 sites harboring 1 to 45 plant species. We hypothesized that plant diversity will most influence the
diversity of aboveground endophytes followed by root endophytes and soil bacteria.
The composition of bacterial community was characterized by 16S rRNA sequencing
on the Illumina MiSeq, plant diversity was determined by phytocenological relevées.
Our data indicated significant positive correlation between diversity of bacterial community in the soil and pH, the amount of Ca and P, the effect of plant diversity was not
significant. We found that effect of plant diversity on root bacterial community was
marginally significant and influence of soil chemistry had lower effect. The strongest
effect of plant diversity was found for aboveground endophytes, although the soil C/N
ratio and organic matter content had also significant effect.
Figure 1

196

ABSTRACTS
P110
Soil microbiota is the key to determining the life and death of pest insects
H. Itoh1, T. Hori2, Y. Kikuchi1
1
National Institute of Advanced Industrial Science and Technology, Bioproduction
Research Institute, Hokkaido, Japan
2
National Institute of Advanced Industrial Science , Environmental Management
Research Institute, Tsukuba, Japan
Introduction
Soil microbes play pivotal roles in environmental sustainability and plant biodiversity by enhancing carbon/nitrogen cycles and plant growth via ecto/endosymbiosis.
Although such topics have long been popular in soil microbiology, most researchers
have paid almost no attention to biological effects of soil microbes on insects, the
small but major animals in terrestrial ecosystems. Recently, we have revealed that
pest stinkbugs commonly possess symbiotic bacteria in their gut and acquire the
gut symbionts from ambient soils every host generation. At this stage, however,
impact of soil microbes on host insects through the symbiotic association remains
unclear.
Objectives
To clarify interactions between soil microbes and insects, we focused on the endosymbiosis of rice bug Cletus punctiger, a serious pest of gramineous crops, and
investigated fitness effects and infection dynamics of its soil-derived symbiotic bacteria.
Materials and methods
Insects were collected from crabgrass fields across Japan, and used for rearing experiments. Insect gut microbiota and soil microbiota were analyzed by Sanger sequencing, Illumina deep sequencing, and quantitative PCR.
Results
Histological observations, sequencing analyses, and rearing experiments revealed that
C. punctiger harbors a specific Burkholderia symbiont in the gut, and maintains the
symbiont not via vertical transmission but acquire it from ambient soils every generation. Aposymbiotic insects showed significantly lower survival rate, retarded growth,
smaller body size and weight, higher rate of wing abnormality. Furthermore, aposymbiotic adults exhibited no or few mating and egg-laying, indicating the Burkholderia
symbiont plays an essential role in the rice bug host.
Insects reared on environmental soils were usually infected with the symbiont, but we
found that, interestingly, insects reared on some soils were totally uninfected. Deep sequencing and qPCR analyses suggested that C. punctiger could not acquire their symbiont from soils containing less than 106 copies/g-soil Burkholderia, indicating that establishment of the symbiosis strongly depends on the composition of soil microbiota.
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Conclusion
Soil microbiota could be a limiting factor of rice pests’ growth and reproduction,
and ultimately decide their life and death.
Figure 1

P111
Rhizosphere microbiome and disease resistance - Project presentation
P. Hohmann1, L. Wille1,2, B. Studer2, M. Messmer1
Research Institute of Organic Agriculture (FiBL), Crop Sciences, Frick, Switzerland
2
ETH, Environmental Systems Science, Zurich, Switzerland

1

Disease resistance is not a mere plant but a system trait involving the complex plantassociated microbial community (Berendsen et al. 2012). As with pathogens, past
research often focussed on single, culturable symbiotic microbes. More recently,
microbial shifts on the community level have been linked to disease resistance.
However, simplistic statements such as “high microbial diversity equals healthier
plants” were not confirmed in most recent microbiome analyses (Hartmann et al.
2014, Yu et al. 2012). Plants have the ability to influence the microbial structure in
the rhizosphere. Besides soil type, it has been demonstrated that not only different
plant species, but also different genotypes within the same species can modify the
rhizosphere microbiome (e.g. Berg et al. 2006, Peiffer et al. 2013).
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The overall goal of our project is to understand the complex genotype x microbiome interactions and to make use of this knowledge in resistance breeding programmes. For this, we will investigate a phenomenon called soil fatigue of pea, caused
by a complex of soil-borne pathogens, and determine rhizosphere microbiome profiles of pea lines with contrasting levels of disease resistance in different agricultural soils using NGS and qPCR. The objective is to identify microbial hubs, diversity
indices and key pathogens and beneficials involved in microbe-mediated disease
resistance. This information will be linked with root exudate profiles in order to
elucidate the plant’s capacity to influence the microbiome composition leading to
disease susceptibility or resistance. In the long-term, current and future research
activities of our group aim to make use of plant-microbe interactions in plant breeding for an improved expression and stability of important plant traits.
Berendsen RL, Pieterse CMJ and Bakker PAHM (2012). Trends in Plant Science
17(8): 478-86.
Berg G, Opelt K, Zachow C, Lottmann J, Götz M, Costa R and Smalla K (2006). FEMS
Microbiology Ecology 56(2): 250-61.
Hartmann M, Frey B, Mayer J, Mäder P and Widmer F (2014). The ISME Journal 9: 1177-94.
Peiffer JA, Spor A, Koren O, Jin Z, Green S and Dangl JL (2013). PNAS 110(16): 6548-53.
Yu L, Nicolaisen M, Larsen J and Ravnskov S (2012). Plant and Soil 357(1): 395-405.
This project is supported by the Mercator Foundation Switzerland and the Swiss
Federal Office of Agriculture.
P112
Fungal and bacterial diversity and community composition in the rhizosphere
mycobiome of grassland ecosystems along land use gradients.
R. Schöps1,2, T. Wubet1,3, H. Bruelheide4,3, F. Buscot1,3
UFZ-Helmholtz-Centre for Environmental Research, Department of Soil Ecology,
Halle (Saale), Germany
2
University of Leipzig, Department of Biology II, Leipzig, Germany
3
German Centre for Integrative Biodiversity Research (iDiv) , Leipzig, Germany
4
University of Halle-Wittenberg, Department of Biology and Geobotany, Halle (Saale),
Germany
1

The rhizosphere encompasses the soil along the plant root surface and represents
a hotspot of microbial activity and diversity. The microbial abundance and activity
is highly influenced by plants via the release of root exudates. Bacteria and fungi,
in turn, have a substantial impact in the growth and fitness of their plant host. This
plant-microbe relationship is a driver of different essential ecosystem processes
e.g. nutrient cycling. However, it is not well known to which extent plant traits,
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plant identity and other co-varying factors such as land-use influence the microbial
community in the rhizosphere in species-rich grasslands. Therefore, we investigate
the fungal and bacterial community composition in the rhizosphere of grassland
phytometer plants to disentangle the effects of plant species, plant traits and landuse intensity on the rhizosphere mycobiome.
To test the plant-microbe interaction in the rhizosphere four phytometer plants
(Plantago lanceolata, Achillea millefolium, Dactylis glomerata, Arrhenatherum elatius) were out-planted in 13 permanent study plots in spring 2014 in the HainichDün region in Central Germany within the framework of the Biodiversity Exploratories (www.biodiversity-exploratories.de). Plots were chosen with respect to
different land-use intensities (hardly managed grasslands to highly fertilized and intensively used meadows and pastures). The plants were harvested in autumn 2014
and bulk soil, rhizosphere soil and roots were collected. These three compartments
were used for bacterial 16S and fungal ITS rDNA paired-end amplicon sequencing
using Illumina MiSeq. We assume that microbial community patterns vary among
the four plant species as well as among the different compartments. Hence the rhizosphere soil will contain clearly higher species richness compared to the bulk soil.
Further, we suppose that an intensive management has a negative effect on the
microbial species composition in the rhizosphere. We will present results obtained
by metagenome analyses using the Illumina approach regarding these questions.
P113
Cropping regimes alter structure and interaction of microbial communities in
different plant compartments of wheat (Triticum aestivum L.) and faba bean (Vicia faba L.)
S. Granzow1, K. Kaiser2, B. Wemheuer2, B. Pfeiffer1, R. Daniel2, S. Vidal1
F. Wemheuer1
1
Georg-August Universität , Nutzpflanzenwissenschaften, Göttingen, Germany
2
Georg-August Universität, Genomische und angewandte Mikrobiologie, Göttingen, Germany
Multiple cropping systems provide various economic and ecological advantages,
such as enhanced plant productivity. They thus offer great potential for the sustainable intensification of agriculture. Several microorganisms in the plant rhizosphere
and endosphere are beneficial to plant health and growth. However, understanding
of microbial responses towards multiple cropping systems and their interactions
is still limited. Hence, we studied soil microorganisms (archaea, fungi, bacteria) as
well as fungal and bacterial communities in roots and aerial plant parts of two agricultural important crop species (wheat and faba bean). The two crops were grown
in monoculture or in two intercropping regimes (row and mixed intercropping). Soil
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archaeal community was influenced by crop species and cropping regime. A similar
effect of cropping regimes on bacterial and fungal communities in soil and endosphere was detected. Furthermore, fungal and bacterial community structure as
well as their diversity and richness varied between the two crop plant species and
plant compartments investigated. These differences were more pronounced for
endophytic bacteria than for fungi, probably due to the active mode of colonization
employed by fungi. Additionally, multi pattern analysis identified several indicator
species being highly associated with cropping regime or plant compartment. Differences in bacterial community structure between plant compartments were mainly
caused by proteobacterial endophytes, strongly associated with either leaves or
roots. Co-occurrence analysis revealed strong negative interactions between fungal
OTUs indicating strong competition and probably specialized fungal taxa. Further
research is needed to prove whether these results under semi-field conditions can
be directly translated to field conditions. However, the focus of further investigations should be not only on structural changes but also on complex interactions of
microbial communities.
P114
Diversity of rhizosphere and endophytic bacteria associated with natural vegetation in contaminated soil as revealed by sequencing of 16S rRNA amplicons
L. Musilová1, M. Polivkova1, T. Macek1, O. Uhlik1
1
UCT Prague, Department of Biochemistry and Microbiology, Prague, Czech Republic
Interactions between plants and associated microorganisms play an important role
in the survival of stress conditions, including soil contamination. It was proposed
that in contaminated areas rhizosphere and endophytic bacteria may help the
plant overcome stress and toxicity associated with the contamination. It was also
proposed that plant secondary metabolites can induce degradative activity of associated bacteria as well as alter the community structure. Therefore, we sampled
rhizospheres and tissues of plants growing naturally in the dumpsite of legacy PCBcontaminated soil in order to investigate the diversity of plant associated bacteria
through 16S rRNA gene amplicon pyrosequencing. In the case of endophyte amplicon preparation, peptide-nucleic acids inhibiting the amplification of mitochondrial
and plastid copies were used. Our results show that the rhizosphere communities
clustered together away from the bulk soil community. Considering the intra-plant
diversity, no major OTUs were shared between the rhizo- and endosphere. In addition, quantification of genes encoding for biphenyl and benzoate dioxygenases
in the rhizosphere samples was performed and a potential of plants for the stimulation of natural attenuation was evaluated. This work brings new insights into
the ecology of plants and their associated bacterial communities in contaminated
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environments.
Funding is acknowledged of the Czech Science Foundation project No. 13-28283S,
and Ministry of Education, Youth and Sports project No. LH14004.
P115
Nematodes contributing to apple replant disease, and as indicators of soil quality
H. Heuer1,2, X. Kanfra1,2, J. H. Hallmann1,2
1
Julius kuehn institute, EP, Braunschweig, Germany
2
Research institute, Braunschweig, Germany
Understanding the etiology of apple replant disease (ARD) is challenging owing to
the fact that many agents including fungi, bacteria and nematodes play adverse
roles in the development of the disease. Nematodes occupy a key position in the
ecosystem and as such are involved in ecosystem functioning as well as indicators
for soil quality. This study seeks to elucidate the contribution of nematodes to ARD
by investigating the long term soil decline in apple fields, to examine the changes
in nematode community structure and how they influence the plant-associated
microbial community. Two samplings per year will be carried out from three different apple fields each with four replicate ARD plots and control plots. In the ARD
plots apple was planted yearly since 2009. The control plots were covered by grass
and have been switched to apple in 2016. We will utilize both morphological and
molecular techniques such as PCR-DGGE, qPCRand amplicon NGS on the samples
to compare nematode communities among ARD and control soils, and to correlate
ARD severity to nematode species abundance. The NGS approach using Illumina
Miseq 18S rRNA gene sequencingwill be combined with SMRT-CCS sequencing of
large fragments to resolve the nematode diversity in both ARD and control plots.
This will enable us to assess soil quality based on ecological indices, to find indicator species and their associated microbes that may contribute to ARD. A preliminary sampling in Ellerhoop in December 2015 revealed that Paratylenchus spp.
were the most abundant nematodes in the ARD plots whiles Tylenchorynchus spp.
were mostly associated with control plots. These species feed on root surfaces and
may not pose serious economic damage to apple plants as single entities. However,
their potential syergistic role in the disease will be investigated. A colonizer-persister analysis on the free-living nematodes in both ARD and grass fields suggested a
gradual shift from a stable environment with N enriched, conducive environment
to more C enriched, less stable (stressed) environment with time. Additional sampling data coupled with molecular analysis may give us better understanding about
the role of nematodes in ARD.
Keywords: Apple replant disease, nematode community, soil quality, DGGE, NGS.
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Microbial carbon turnover in the detritusphere
M. Uksa1, K. Müller1, S. Marhan1, C. Poll1, E. Kandeler1
University of Hohenheim, Institute of Soil Science and Land Evaluation (310), Stuttgart,
Germany

1

Microbial decomposition processes at the soil-litter interface involves a complex
network of fungi, bacteria, and archaea that compete for the organic matter. During the decomposition, the nutrient quantity and quality changes as well as the
microbial community composition. It is still a challenge to identify and quantify
active microbial species in concurrency with their absolute contribution to the carbon (C) turnover.
In the frame of the DFG-Project (FOR 918) “Carbon flow in belowground food webs
assessed by isotope tracers“ we determined the C flow and turnover of differently
aged maize litter in bacteria and fungi of an arable soil. A microcosm experiment
was set up with 13C-labeled and unlabeled maize litter on top of soil cores. A reciprocal transplantation of the labeled litter on soil cores with unlabeled litter allowed us to follow the C flow into different microbial groups at the early (0-4 d),
intermediate (4-12 d) and late stage (28-36 d) of litter decomposition.
We analyzed microbial CO2 respiration, microbial biomass and PLFA pattern in the
top 3 mm of the soil cores. To identify and quantify microbial species feeding on the
substrate, DNA stable isotope probing followed by targeted sequencing of bacteria
and fungi are currently performed on the soil metagenome. We expected specific
microbial communities (copio- and oligotrophic) involved in maize litter decomposition at the different stages.
During the initial days of the experiment, up to 17% of the CO2-C was maize-derived C. The 13C value in the CO2 decreased with continuous decomposition of the
litter. The highest absolute amount of maize-derived C was found in gram-positive
bacteria in the early stage of litter decomposition. For fungi, the highest maize C
incorporation was in the intermediate stage of litter decomposition. We calculated
a faster C turnover in the fungal biomass than in the bacterial biomass for all three
decomposition stages. But during the later stage of litter decomposition, maizederived C was less utilized by both bacteria and fungi.
These results will be concluded by the quantitative DNA-SIP method to provide a
species-resolved contribution to the C turnover in the microbial food web at different decomposition stages in the detritusphere.
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Importance of soil texture on the persistence of bacteria introduced by TWW
irrigation
A. Dohrmann1, O. Obayomi2, O. Gillor2, C. Tebbe1
Thünen Institute, Institute of Biodiversity, Braunschweig, Germany
2
Ben-Gurion University of the Negev , The Zuckerberg Institute for Water Research,
Sede Boqer, Israel

1

Due to freshwater scarcity, irrigation of crops with treated wastewater (TWW) presents an important alternative in arid and semi-arid agriculture. However, TWW
irrigation can lead to contamination of crops with fecal pathogens that may transfer
from the TWW and reach the plants through the soil-root interface. The importance of soil to enhance or attenuate the risk of pathogen contamination is still
unclear. In this study we wanted to characterize the importance of soil texture and
soil organic matter on the persistence of bacteria introduced with TWW.
A mesocosm irrigation experiment was set up. Two differently textured soils were
irrigated with TWW weekly over a period of 16 weeks. While tap water was used
as control an additional treatment of filtered TWW was applied to identify the effect of the dissolved components of TWW. Soils were obtained from the long-term
experiments in Askov, DK (loamy sand) and Bad Lauchstädt (silt loam) providing
three soil variants for each location that each share the same texture but differ in
their amount and quality of soil organic matter. Thus, the importance of soil organic
matter on the persistence of bacteria introduced with TWW is also addressed. To
study the soil-root interface cucumbers were sown after 20 weeks of irrigation and
raised for four weeks maintaining the different irrigation treatments.
Coliform Bacteria and E. coli were quantified every 4 weeks by plating on selective
media but only detected in single occasions at the detection limit of 0.4 cfu g-1
soil. No differences in bacterial community structures were identified after 4 and 8
weeks in regard of the three different irrigation treatments as indicated by T-RFLP
profiling. Soil samples collected after 16 weeks of irrigation as well as rhizosphere samples from 4 week old plants were studied by MiSeq Illumina sequencing.
On average each sample was represented by 100,000 reads, thus, in contrast to
the T-RFLP analyses, also the evaluation of the rare abundant bacterial community
members was allowed. Preliminary results indicate an effect of the soil texture on
the intensity of the soil bacterial community’s responses to the different irrigation
treatments. Responses to soil organic matter and those of the rhizosphere bacterial
community will be presented.
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Shifts in the microbial community structure in different root spheres of apple in
response to replant disease soil
A. Balbín-Suárez1, M. Lucas2, L. Rauch1, D. Vetterlein2, K. Smalla1
Julius Kühn Institute, Institute for Epidemiology and Pathogen Diagnostics, Braunschweig, Germany
2
Helmholtz Centre for Environmental Research –UFZ , Department of Soil Physics
Halle (Saale) , Halle (Saale), Germany
1

Apple Replant Disease (ARD) occurs when the same or closely related species are
planted repeatedly at the same site leading to a general growth reduction with consequent losses in fruit yield and quality. Disease causal agents of ARD are presumably biotic factors however abiotic factors could play a role in disease severity. ARD
can be counteracted by soil pre-fumigation, but environmentally friendly solutions
(biological control, soil amendments) are needed.
Therefore, the aim of our study is to unravel the causal agents of ARD. A split root
experiment was performed where apple seedlings were grown in rhizoboxes with
different combinations of ARD soil (+ARD), gamma treated ARD soil (-ARD) and
healthy soil (Control), taken from the same site in Germany (Ellerhoop). Plants were
grown in a climate chamber for 5 weeks and root growth was monitored during the
experiment. Total community DNA was extracted from rhizoplane (RP), rhizosphere
(RS) and bulk soil (BK).
ARD soil led to significant decrease in root growth in comparison to -ARD and control soil (Fig. 1). By denaturing gradient gel electrophoresis (DGGE) of 16S rRNA
amplicons, several bacterial responders to different (treated) soils were found.
Permutation tests based on DGGE similarities revealed significant differences in
the bacterial community structure between +ARD vs. control, control vs. -ARD and
+ARD vs. -ARD soils at all three spheres. Gamma-irradiation led to severe shifts in
bacterial and fungal communities especially in rhizosphere and bulk soil when compared to the other soils. The ARD effect was most pronounced in the bulk soil and
rhizoplane compared to control soil. By group-specific PCR-DGGE fingerprinting
strongest responders to ARD could be affiliated to Actinobacteria, Alphaproteobacteria and Betaproteobacteria.
In summary our results indicate differences in the composition of microbial communities in different tested soils which might contribute to ARD. To which extent
microorganisms are causal agents or responders to plant symptoms is currently
studied by Illumina MiSeq sequencing of 16S rRNA gene and ITS amplicons.
Fig. 1: Significant decrease in root growth in +ARD soil in comparison to Control soil.
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Figure 1
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Investigating novel Chloroflexi species from Uruguayan wastewater treatment
plants
K. Köhler1, J. Vollmers1, A. K. Kaster1
1
DSMZ, AG, Braunschweig, Germany
Introduction
The phylum Chloroflexi is a deep-branching lineage within the domain Bacteria,
metabolically highly diverse and widely distributed through a range of terrestrial
environments. Despite their ubiquity and abundance these microorganisms have
so far often evaded cultivation attempts in the laboratory and only very few cultured representatives exist.
Objectives
We here investigated novel Chloroflexi species from Uruguayan wastewater treatment plants using a Single Cell Genomics (SCG) pipeline as well as metagenomics.
The latter method however had its limitations, resulting in large and complex datasets with incomplete and fragmented genomic information. Using SCG for investigating low abundance species also tends to be problematic, since usually unspecific-labelled cells are isolated in the process. We therefore used, a fixation-free

206

ABSTRACTS
Fluorescence in situ Hybridization (FISH) method prior to cell sorting, allowing the
target isolation of single Chloroflexi cells.
Materials & methods
Single Cell Genomics is an advancing technique enabling us to read genetic information at the most basic level of biological organization. The method circumvents
the problem of cultivation bias and selection during the isolation process. An integrated approach including specific labelling of cells with FISH, separation via Fluorescent Activated Cell Sorting and amplification of single cell DNA via Multiple
Displacement Amplification was used, followed by phylogenetic screening, Next
Generation Sequencing and bioinformatics processing.
Results
The study shows that specific labelling of desired Chloroflexi cells via FISH is compatible with the downstream processes of Single Cell Genomics and revealed novel
species within the phylum Chloroflexi.
Conclusion
We demonstrated a highly effective and cost-efficient method for the investigation
of Chloroflexi. The combined approach of metagenomics and SCG allowed us to
gain deeper insights into function, evolution and metabolism of Chloroflexi in biological systems and may further aid in the cultivation of novel species. The developed
method of fixation-free FISH allows the illumination of microbial dark matter by
single cell genomics and is also applicable to other phyla.

207

Index of Invited Speakers, Chairs and Presenting Authors
A
Abdallah, R.
Abdelhameed, A.
Adamo, M.
Alahmad, A.
Alegria Terrazas, R.
Alteio, L.

33, 149
28, 106
31, 133
34, 159
38, 191
27, 96

B
Babin, D.
Balbín-Suárez, A.
Baldrian, P.
Barta, J.
Bennedsen, M.
Berg, G.
Blagodatskaya, E.
Blanchard, J.
Boeraeve, M.
Borges, C. D.
Brabcová, V.
Bramke, I.
Buée, M.

38, 188
40, 205
21, 22, 55
22, 71
38, 190
22, 59
23, 77
21, 70
26, 95
39, 192
25, 86
29, 119
20, 69

C
Cassman, N.
Chernov, T.
Choma, M.
Colin, Y.
Cortes-Tolalpa, L.
Costa, G.
Costa, O.

38, 185
32, 140
34, 155
25, 87
31, 136
28, 104
29, 121

D
Dennert, F.
Devpura, N.
Dohrmann, A.
Dolina, J.
Dubé-Smith, J.
Dykes, G.

35, 163
28, 107
17, 40, 204
32, 137
31, 131
39, 193

E
Espenberg, M.

33, 147

F
Fajardo, C.
Ferrari, B. M.
Fraraccio, S.
Friberg, H.
Frostegard, A.

28, 103
34, 156
31, 135
36, 169
30, 127

G
Glaeser, S. P.
Goberna, M.
Goldmann, K.
Gontijo, J. B.
Granzow, S.
Gschwend, F.
Gubry-Rangin, C.
Gupta, V.

37, 180
22, 72
26, 88
30, 128
40, 200
36, 174
19, 50
27, 99

H
Hartmann, M.
Haverkamp, T. H. A.
Havlíčková, P.
Heuer, H.
Hohmann, P.

17, 21, 23, 54
32, 145
39, 196
40, 202
39, 198

I
Igolkina, A.
Isermeyer, F.
Itoh, H.
Ivanova, A.
Ivanova, E.

35
17
39, 197
27, 102
38, 189

J
Jansson, J.
Jehmlich, N.
Ji, Y.

17, 21 , 43
29, 111
34, 158

K
Kaster, A.-K.
Khan, A.
Köberl, M.
Koch, C.
Köhler, K.
Korenblum, E.

208 I 3rd Thünen Symposium on Soil Metagenomics

18, 48
33, 146
35, 168
28, 105
40, 206
36, 170

Index of Invited Speakers, Chairs and Presenting Authors
Korvigo, I.
Krause, S.
Kristiansson, E.
Kroeger, M.

25, 81
28, 108
17, 46
18, 59

L
Ladau, J.
Leonhardt, S.
Lim, N.
Liu, B.
Lori, M.
Lueders, T.
Luis, P.

22, 57
26, 91
20, 66
22, 73
34, 154
19, 64
20, 67

M
Mahato, N. K.
Maisinger, C. C.
Mapelli, F.
Marín, C.
Markantonis, M.
Masuda, Y.
Mayerhofer, J.
Mc Hardy, A.
McCue, L. A.
Meisner, A.
Meyer, F.
Mieszkin, S.
Mikkonen, A.
Minz, D.
Morillo, J. A.
Müller, C. A.
Musilová, L.
Myrold, D.

29, 116
34, 157
32, 141
26, 94
36, 172
29, 117
36, 171
17, 44
18, 47
33, 148
17, 18, 19, 49
30, 124
30, 123
20, 37, 68, 183
26, 90
31, 132
40, 201
93

N
Nakamura, F. M.
Navarro-Noya, Y.
Negi, V.
Nepel, M.
Neufeld, J. D.
Nicola, L.
Nissinen, R.

30, 126
37, 181
29, 113
30, 129
19, 52
35, 162
32, 144

Nunes, I.
Nunes da Rocha, U.

36, 173
19, 63

O
Obermeier, M.-M.
Österlund, T.

29, 110
29, 112

P
Palmer, K.
Pathan, S.
Permankur, S.
Pershina, E.
Persoh, D.
Pester, M.
Petters, S.
Piché-Choquette, S.
Potard, K.
Prosser, J.

28, 109
37, 178
23, 76
33, 150
26, 89
19, 65
27, 101
35, 165
37, 176
19, 51

R
Richardson, T.
Riedel, K.
Rippin, M.
Rocha Dimitrov, M.
Rücker, O.
Rybalka, N.

25, 83
23
34, 159
36, 175
31, 134
28, 110

S
Santos, S.
Schloter, M.
Schöps, R.
Semenov, M.
Sessitsch, A.
Silva Lourenço, K.
Smalla, K.
Sørensen, S.
Spaepen, S.
Stovicek, A.
Strejcek, M.
Suman, J.
Szoboszlay, M.

22, 74
19, 23, 79
39, 199
32, 142
20, 68
33, 152
22
22, 58
20, 53
33, 153
30, 125
30, 122
17, 38, 184

14–16 December 2016 • Braunschweig, Germany I 209

Index of Invited Speakers, Chairs and Presenting Authors
T
Tebbe, C. C.
Tiedje, J.
Tiirola, M.
Torres, G.

17, 23, 143
19, 20, 52
18, 62
37, 182

U
Udotong, I.
Uhlik, O.
Uksa, M.
Urich, T.
Uroz, S.

35, 164
22, 75
40, 203
22, 23, 56
25, 86

V
van Dillewijn, P.
van Elsas, J. D.
van Geel, M.
van Keulen, G.
Ventosa, A.
Venturini, A. M.
Vera-Gargallo, B.
Vetrovsky, T.
Vollmers, J.

32, 139
20, 23, 79
39, 194
27, 98
33, 151
31, 130
29, 118
25, 84
25, 83

W
White III, R. A.
Wilmes, P.
Wrighton, K.
Wu, Y. T.
Z
Zecchin, S.
Zverev, A.

210 I 3rd Thünen Symposium on Soil Metagenomics

18, 60
18, 23, 47
19, 49
26, 92
39, 195
35, 166

14th Symposium on

BAGECO 14
Bacterial Genetics and Ecology

© shutterstock.com/num_skyman

4 – 8 June 2017
Aberdeen, Scotland
Abstract Submission: 20 February 2017

www.bageco.org

© shutterstock.com/Heartland Arts

Did you

know?

Conventus is the Professional Congress
Organiser of the
3rd Thünen Symposium on Soil Metagenomics

