Supercomputing propelling research in microbiology

Prof. Dr. Alexander Probst, Environmental Metagenomics, Research Center One Health Ruhr
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3 PINTS - VOLUME 2.5 LBS =WEIGHT Microbes contribute an extra

of the microbiome of the microbiome 2,000,000 genes to the 20,000 gene
human genome.

are as equally microbial as
we are human.
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s and their role on Earth!

Major habitats Total bacterial and Minor habitats
archaeal cell numbers e Groundwater: 5x10%
on Earth: e Phyllosphere: 2 x10%
~1x103%° e Cattle: 4x10%

e Termites: 6 x 10?3
e Pigs: 7x10%
e Humans: 4x 103

e e ~2/3 of all microbes live in the

e Atmosphere: 5x10%

«Etc. deep subsurface

 ~1/3 of all microbes live in the
deep continental subsurface

* Accessing samples and
contamination control are tough

Deep continental subsurface: 3 x 10%°

 Deep biosphere as the final
frontier in microbiology

Deep oceanic subsurface: 4 x 10%°

Nature Reviews Microbiology 2019 17, 247-260
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HORIZONTAL EVOLUTION OF ARCHAEA IN THE DEEP SUBSURFACE
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Less than 1% of all microbes remain
cultivated.

Aquatic microbiomes’ most wanted
comprise 84 taxa

EX4484-205 Caldarchaeales
(Brockarcnasola’)

Bathyarchaeia

DQIPO1
(ANME-3")

Methanoperedens
Marsarchaeales

Korarchaeum

\/ Hydrothermarchaeota
//;:=-_‘;sllllllllllll."\mamwa

I%inaxchaeo(a
Forterrea mutransposorum

Thalassarchaeaceae

Nanopusillus stetteri /N~

Nanohaloarchaeota

Huberarchaeota

y‘danoarchaeia
Pavarchacales
Adkodmmercbum

Woesearchaeales

Simon et al., in review at Water Research
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sampling DNA extraction PCR

Easy to apply, cheap, quick results...
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Analogy to forensics Marker gene analyses

- :5:_;.: . < - =33 : $ititit ::.:.:_;.: - Not only one individual, multiple

333 ‘TP 21313 individuals at the same time
Fo¢ SEBg § 3 SEEEELS - High throughput
TISESENLS 1833] 57 - Screening of hundreds of samples
$ T3 T 223 seSiss - Cost effective compared to other
-";'_‘:;_T' ;'_i’_';' methods

= 2 = = - No need to wait for microbes to grow
S +$==_%s = === in the lab

el T 1I'*1% -1 ¥aT “ - Data is easy to process

Marker genes answer the question: Who of the ones we know are there?
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Genomics, sequencing of all genes, in

analogy to forensics
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- ldentifying characteristics of the
known and unknown
- Characteristics are:

sex

eye color
hair color
age
ethnicity
diseases

Metagenomics answers the question: Who is there and what characteristics do these microbes have?
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Original sample DNA extraction and sequencing Assembly
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Assembled pieces
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2nd gen 3rd gen 3rd gen
lllumina Pacific Biosciences Oxford Nanopore

ttps://media.biocompare.com/m/37/product/11
2032400 00Q.ing

500-1000 bps 100-500 bps <60'000 bps <4"700°000 bps
J

DNA extraction and sequencing ‘ -
Y Y
individual sequencing massive parallel sequencing
\ )\ :
Y Y
high accuracy lower accuracy
Human genome: 3.2 Gbps standard, cheap ermeging

E. coli: 4.7 Mbps

Covid-19: ~30 kbps Result is a DNA sequence consisting of adenine (A),

guanine (G), cytosine (C), and thymine (T).
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native DNA
(RNA also possible)

© ONT; nanoporetech.com/about/for-the-media [20.08.2024]
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Original sample DNA extraction and sequencing Assembly
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Assembled pieces
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R, o R S x it was the best of times it was the worst of times
Wi I '/  o v by < ('K.ﬁ
% e X 4 it was the best
: = was the best of
L the best of times
best of times it
Assembly of times it was

times it was the
it was the worst
was the worst of

the worst of times
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“assembly graphs”

Size of metagenomes for de
novo assembly is ~30-100 Gbps.
Standard is short read
assemblies with 150 bps per
read resulting in 200 Mio DNA
pieces to be assembled!
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¢ Pitfalls in

it was If repeat length > read length

\

was the

N

e best the worst

N\ I

best of worst of

\/ Repetitive sequences are

of fimes the core problem but
/ biology loves repitition:
Copying (and alterating)

fimes it is easier than invention.
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Complex repeats X \\ /
(rBRNA, centromere, efc) ,) \ /
\ - / —
Simple contigs
i
|
Y Repeat ‘hairball’ \
(High copy repetitive elements)
Heterozygous
bubbles
(Haploytypes)
e | | - - _
— — = Sl _ _ -
Current Opinson in Plant Biology
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Environmental Microbiology (2010) 12(7), 1806-1810 doi:10.1111/5.1462-2920.2010.02201.x

Replicate or lie

James L. Prosser*

Institute of Biological
University of Aberdee
Machar Drive, Aberdi

Introduction

Andrén and colleag
paper reminding us
and learnt during ou
quently forgotten. Thi
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: highly complex enviro

.
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What are determinants of
the complexity of a metagenome?
Textbook definition: Number of species.

Number and Amount of
relatedness of repetitive
species sequences

Species
distribution

N

Mobile genetic
1. elements

Amount of
genomic
information

X : —— 013
26.09: : ental Me@mics, Research Center One H



- —' CENTER ONE HEALTH RUHR
| S

UA RUHR | RESEARCH ALLIANCE
St

¢ Greatest highly comple

Currently, we need 2-3

= S B TB of RAM to assemble
oA 100 Gbps of data
© o _| . .
g © according to cutting
8 edge standards.
S o -
S If we need 1 Tbps of
s S - sequencing data to
g cover all microbial
£ 9 - information in a
W sample, we hit the
| limit of current
16+03 16+05 supercomputing.
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Important ecosystem services of rivers associated with One Health:
e Carbon turnover (leaf litter degradation, carbon fixation)

* Nitrogen cycling and particularly denitrification

e Antibiotics and antimicrobial resistance degradation

* Pathogen and pollutant attenuation

* Drinking water provision

Open questions:

* Are these services maintained during anthropogenic stress exposure of
rivers?

 How is the microbial biodiversity and its functions structured in rivers?

* How do anthropogenic stressors affect these microbial communities at
the cellular level?

\ i
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R

The Emscher - a river in the Ruhr area
- from floodplain idyll to epidemic hotspot - and back again

Herne um 1900.

Around 1900 Around 2000

A" »
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3 848 16® €123m 2021

universities research centers college budget in growth phase year of foundation

One Health Ruhr — from Molecules to Systems
Chemical Sciences and Sustainability
Trustworthy Data Science and Security

Future Energy Materials and Systems

College for Social Sciences and Humanities

technische universitat
dortmund
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Salinity

@ +0.5 mS/cm

SO vs. S+

Temperature Stress vs. Velocity
Recovery

 +3.5°C

Inflow jet

Fine sediment ﬂ Salt dripper

Gravel
section

Cobble
section

-

-—V CENTER ONE HEALTH RUHR

D s
UA RUHR | RESEARCH ALLIANCE

sdny AIxyolq 20z “|e 18 yoeis

€06/6S£0°90'20Z/T0TT 0T/840°10p//



- —' CENTER ONE HEALTH RUHR

| S
UA RUHR | RESEARCH ALLIANCE

=

sdny AIxyolq 20z “|e 39 Yyoeis

-

€06.6S°£L090t20Z/TOTT 0T/340°10p//




Stach et al., 2024 bioRxiv https://doi.org/10.1101/2024.06.07.597903
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Inflow jet
(adjusting temperature and

Fine sediment .
flow velocity)

(metaG & metaT)

Z AQUATISCHE

OKOSYSTEM
FORSCHUNG

Data logger Salt dripper line

Large leaf litter tube
(metabarcoding)

Gravel section

Drift sampling

Small leaf litter bag
(metaT of Euks)

Larger rocks
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Annotated as Chaperone
® no
A yes

MAG

MAGs with only one significant gene
ES22_IMP_S_C50_Cytophagales_41_13_virus_clean

ES22_IMP_S_C58_Marinilabiliales_41_12_virus_clean

GrowDB_comocreek_2019_sw_WHONDRS-S19S_0026_F_bin.2
GrowDB_flintriver_2019_sw_WHONDRS-S19S_0015_F_bin.17
GrowDB_riogrande_2019_sw_WHONDRS-S19S_0066_B_bin.110
GrowDB_whiteclaycreek1_2019_sw_WHONDRS-S19S_0037_B_bin.40

, @
DNA-directed RNA polymerase subunit alpha

30S ribosomz@)te‘in S3

Protein translocase subunit SecY
A ® ®

™ A A Uncharacterized protein
A A

A
0& bosomal protein L2| . )
® —50S ribosomal protela L22

A A ASOS ribosomal groteln L20 Pyruvate, phosphate dikinase
30S, ribosomal protein S10

PS 30S ribosomal protein S14
* 0
A 7\ ' Uncharacterized protein
e e l-‘- 308 nbe.semal- PFOIBIA-S8: —|- - = = = - o e e
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0] 1 2 K]

Effect size: log2(fold-change)
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How do organisms with MAGs respond to
reduced flow velocity?

Massive upregulation of ribosomal protein /
gene expression.
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Original sample DNA extraction and sequencing Assembly
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Candidatus
Suresia
boyense

Uracil

+ + ) :
H*/Na* | . & Nucleosides
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Glucose

Gluconeogenesis

Amino acid
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(Assimilatory sulfate reduction) Acetyl

Fatty acid
synthesis
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phosphate

Pyruvate
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* Reduced flow velocity revealed a new
keystone species

* Low abundant but highly active new family
of bacteria

* Named “Suresia boyense” after Bernd Sures
and the river Boye

e Anaerobic metabolism
* Versatile electron acceptors for anaerobic
respiration (nitrate reduction, thiosulfate

reduction, ...)

* Nitrogen fixation

-~
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Stressor combination

Functional annotation
Chaperones
Ribosomal proteins
Photosystem I/1|

Ribulose carboxylases

Heat/cold-shock proteins

Protein translocases

DNA-directed RNA polymerase subunits
ATP synthase subunits

Elongation factor Tu

Cytochromes

Others

Unknown function

2100 200 400 600
Downregulation | Upregulation

Summed positive and negative log2(fold-change)
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The Probst Lab

Dr. Andre Soares
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Pengyao Zhang
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